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Type 1301F is commonly used in conjunction with pilot 
operated controllers where high pressure operating medium 
is used. They are also used in general industrial applications 
for high pressure reduction of non-corrosive air or gas. 




















CONSTRUCTION: 


All forged bronze construc- 
tion with glass impreg- 
nated Teflon valve disc, 
stainless steel orifice. Fur- 





PRESSURE RANGE: 
Suitable for inlet pressures 
up to 3000 PSI; reduced 


pressure spring ranges of 
10 to 75 PSI; 50 to 150 PSI. 












nished with one inlet con- 
nection and two outlet con- 
nections of %” pipe size. 


Adjustment screw for easy 
adjustment of reduced pres- 
sure setting. 
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Faster gunnery for our “flat-tops”— 


through electronics 


Constantly faster and. more accurate aerial attack upon 
aircraft carriers can only be answered in kind. 
Split-second gunnery is urgently demanded — and met 
through the miracles of electronics. Working closely 
with our Armed Forces for 33 years, Arma has 
developed the wealth of engineering experience 

and production techniques that plays an 

outstanding part in the production of these complex, 
compact, accurate instruments. 








ARMA CORPORATION 


254 36th Sireet, Brooklyn 32, N. Y. 
SUBSIDIARY OF AMERICAN BOSCH CORPORATION 





QUALITY JARIMES PRECISION 


INSTRUMENT 
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Why Most L 


eading Companies 


Are Using K & M Control Valves 


It is logical that leading companies 
should handle the important subject of 
control valves as they do other matters: 
They make use of the best available skills 
and thinking. More and more, they util- 
ize the equipment, knowledge and facili- 
ties of the K & M engineering and service 
team. 


Five years ago, K & M Advanced-Type 
Control Valves were new to industry. 
Today, with outstanding performance 
records behind them, K & M valves have 
become first in the regard of many in- 
strument engineers. Increasingly, K & M 
representatives are called upon to give 
counsel and assistance in the planning 
of new control installations and the im- 
provement of old ones. During the past 
year K & M men have been consulted on 
most of the projects in which control 
valves have been a major consideration. 


There is a qualified K & M represen- 
tative near you, eager to discuss your 
problems and able to help you with them. 


Type 1200 Type 1000 


[4 = 


ee ere et aS 


Molded Neoprene 


Quick-Opening 
Diaphragm — Reinforced © 


Steel Clamps 


All Diaphragm Motor 
Steel Parts 
Parkerized or Plated 


Pressed Steel 
Diaphragm Casing — 
Lorge Area — 
High Lift 


Cast Steel Yoke as 


Bolted or Screwed 
Packing Gland 


a 





Universal Mounting 

(Both Sides of Motor) 

for Valve Positioner 
and/or Controller 


mE TTTTTTTI Tt 


Tripod-Type 
3 Set Screw 
Mounting 
Molded Ring Packing 


Polished or | he " 
Superfinished Stainless 
Steel Stem 


e= p-- 


Oversize Guides 
Top and Bottom 
Superfinished 


et an “ 
 ) 


i Oversize Flow Areas 


Oh 


Honed Guide Bushings 


Type 1400 R Top and Bottom 


KIELEY & MUELLER, INC. 
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18 \4 | 2017—43rd STREET 
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Valve Makers Since 1879 
NORTH BERGEN, N. J. 








CLARE RELAYS 








@ The Clare Type ‘‘K” Relay was the first of the famous CLARE line of 
small, lightweight, telephone-type relays. It is still the mainstay of design 
engineers who must have superior relays to operate in extremely small space. 


Its fast operation, adequate contact pressure, high resistance to shock and 
vibration, long life and complete all-around dependability have met many 
complex requirements. 


The other three relays shown here supply all these advantages of the Type 
*“K’’, but each adds certain other features to meet such specifications as a 
greater operating range, greater sensitivity or operation on extremely low 
power. All except the type ‘‘N” retain the reed armature suspension of special 
alloy which engineers recognize as one of the subtler reasons for the superior 
performance of these small CLARE Relays. 


Clare sales engineers are located in principal cities to give you first hand infor- 
mation on the entire line of CLARE Relays . . . all of them designed to meet 
the most exacting relay requirements. Call them or write to C. P. Clare & Co., 
4719 West Sunnyside Avenue, Chicago 30, Illinois. In Canada: Canadian 
Line Materials, Ltd., Toronto 13. Cable Address: CLARELAY. 


All relays available in hermetically sealed form 


All of these four CLARE 
small relays are available 
enclosed in hermetically 
sealed steel containers. 
Connection diagrams are 
permanently imprinted on 
the base of the enclosure 
by silk screen process. 


CLARE RELAYS 





... First in the Industrial Field 


Specily 
CONTROL 


PANELS 
by 


COVER 
CUBICLE 
SECTION 





=service on control 
panels is complete! 










—FOR ALL PANELBOARD 
AND HOUSING REQUIREMENTS 


You can depend on Falstrom for experienced 
design and expert workmanship in the building 
of panelboards, switchboards, cubicles, instru- 
ment panels, control centers and switchgear 
housings. Falstrom service includes the planning H 
and production of distinctive, finished housings 
with functional qualities that assure practical 
economical installations. Check with Falstrom, 
now. Fill out and mail handy coupon for details. 









FALSTROM 
COMPANY 


PASSAIC, NEW JERSEY 








92 FALSTROM COURT ° 
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ay) ie INDICATING 


R > PYROMETERS 


FOR TEMPERATURE TESTING 
HE LABORATORY OR IN THE PLANE... 








ith the same care as our aircraft temperature indicators, these pyrometers 

quality” to the test engineer. Use Lewis leads, thermocouples and selector 

guild complete temperature measuring installations. All models available 
gals and white markings for photographic observers. 


This instrument has been used extensively by the leading 
Scare motor-car manufacturers for road testing on the “Proving 
Ende A : Grounds” — where performance counts. Housed in a rec- 
oe Di tangular bakelite case, this reliable, fully compensated 
YJ pyrometer is furnished with 6 in. hand drawn scales for 
greater accuracy. The Model 58PY is available for use with 
all standard thermocouple materials, in many ranges to suit 

the most exacting application. 


FAHRENHEIT 


Accuracy — 1% of total scale deflection 


Manufactured with the same type of movement as our aircraft 
pyrometers, the Model 23B pyrometer is well suited for use in 
moving vehicles and has been successfully used in many test 
stand installations. It is housed in a 4 in. round bakelite case that 


has e nd Ps , is flanged for panel mounting, and is available in several ranges 
i 


we 2 for use with various thermocouple materials. 


¥ ty Accuracy — 2% of total scale deflection 


: The Model 20B series of indicators are patterned after our standard 
aircraft instruments and are supplied with 3” round steel cases suit- 
able for panel installation. These compact, sturdy indicators have 
2% in. scales, are fully cold-end compensated and are available in 
many ranges for use with various thermocouple materials. 


MODEL 23B 


Accuracy — 2% of total scale deflection 


STANDARD RANGES, ALL MODELS 


FAHRENHEIT CENTIGRADE 
s fai se Oto 400 0 to 1200 0 to 200 Oto 600 
Oto 600 0 to 1600 0 to 300 Oto 800 
Oto 800 0 to 1800 0 to 400 0 to 1000 
0 to 1000 0 to 2000 0 to 500 0 to 1100 
0 to 2500 Oto 1.100 


Manufacturers of Complete Temperature Measuring Systems for Aircraft 
N AU GA TU CK. , oe SM € UC Od Pe oe 
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Published by 


ed 
PRESSURE S? The Instruments Publishing Company 
- af 921 Ridge Avenue 
for the finest in Test Chambers Pittsburgh 12, Penna. 


TEST WITH Menney Richard Rimbach, Publisher 
M. F. Behar, Editor 
Milton H. Aronson, Managing Editor 









- Tenney has combined years of specialized experience 
with the most advanced engineering methods. Results 


have convinced industry that Tenney testing equipment James F. Emge, Assistant Editor 
is the finest available. For complete confidence, specify 
Tenney. 





488 TENNEYZPHERE ALTITUDE CHAMBERS ReReEnet CFVR. atte eARNNNS 
Designed to withstand atmospheric pres- Altadena, Calif., M. D. Pugh, 2721 N. 


sure and to simulate global conditions Marengo Ave., Telephone Syca- 

of pressures, temperatures and humidi- more 7-2894 

ties. Altitudes from sea level to approx. 

75,000 ft. Temperature range from plus Boston 14, James Condon, 133 Marl- 

200°F to minus 100°F. Also simulates borough St., Telephone Common- ¢ 
desired relative humidity. wealth 6-5961 





Chicago 1, Harold W. Haskett, Room 


TENNEY SERVO UNIT mp 615, 360 N. Michigan Ave., Tele- 
i phone Andover 3-4299 

Portable air conditioning unit which 
may easily be attached to various 
types of laboratory enclosures—im- 
pact machines; tension machines; 
torsion testers; cold boxes and simi- 
lar equipment. Through its, use, 
articles undergoing testing, aging or 
weathering can be subjected to wide 
veriations of humidity, heat and 


Cincinnati 5, Harold W. Haskett, 742 
Elberon Ave., Telephone Grand- 
view 4323 


New York 17, Richard Rimbach, Jr., 


Room 349, 551 Fifth Ave., Tele- 
phone Murray Hill 2-0821 





cold. 
Philadelphia 40, William J. Gallagher, 
TENNEY TEMPERATURE Room 1102, Beury Bldg., 3701 N. 
Broad St., Telephone Baldwin 9- 
AND HUMIDITY CHAMBER 9940 : 


Designed for positive control of : % 
temperature, humidity and air | Pittsburgh 12, C. Goldcamp, 921 Ridge 


circulation. Permits the accurate Ave., Telephone Fairfax 1-0161 
checking of physical quality, fra- 
gility, tension and other factors. St. Louis 1, James R. Wright, Stephen 


E. Wright, 411 N. 10th St., Tele- 
phone Chestnut 1965 





London, W.C. 2, England. John C. N. 


Hughes, c/o T. G. Scott & Son, Ltd., 
9 Arundel St., Telephone Temple 


TENNEY SUB-ARCTIC i 
INDUSTRIAL CABINETS 





Designed for low-temperature testing of Bar 1942 
metals, radios, instruments, plastics, li- 
quids, chemicals and pharmaceuticals. 
Temperature ranges of —40°F, —60°F, 
MEMBER SUBSCRIPTION RATES 


—95°F and —150°F are standard for 











h size. For One and Two Years. 
seneeadics United States, U. S. Possessions, 
and Canada $4.00, $7.00. 
For further information on these and other Peel Latin “Ameticn and Australia 
Tenney test equipment, write to Tenney Engineering, Inc., Dept. B, reau of Cir- %5.00, 0. 
26 Avenue B, Newark 5, New Jersey. —— All other countries except those 
; : ¥ noted below $6.00, $10.00. 
For the present, subscriptions not posses 5 from Austria, 
Bulgaria, China, Czechoslovakia, Eastern Zone Germany, 
Hungary, India, Poland, Romania, Russia and Yugoslavia, 
Payments from outside the U. 8. A. must be in 
the form of an International Money Order or 
check on a U. S. bank. 
Engineers and Manufacturers of Automatic Tempera- Position and company connection as ra os 
products manufactured must be indicated in all f 
@ 7854 ture, Humidity and Pressure Control Equipment subscription orders, FAC 
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LET 60,000 INSTALLATIONS GUIDE YOU TO 
BETTER PROPORTIONAL CONTROL 

























Optimum flow characteristics, coupled 
with free-floating, self-aligning motor ac- 
tion, have made “Stabilflo” the most pre- 
ferred name in control valves. Ever since 
the development of proportional control, 
critical users have depended upon these 
wide-range V-port valves for the utmost in 
performance. 






fe 


: | 


AY 


= 


> 


Because of their unique port design, 
Stabilflo Valves give very precise “equal 
ercentage” flow relations throughout the 
ange from 2 to 100% of flow. Their range- 
M@lity is 50-to-1. With these valves, you 
i basure that the extraordinary sensitiv- 
tcy and dependability of modern 
akcontrollers are translated into 
performance. Get the de- 

-2. Write The Foxboro 
penset Ave., Foxboro, 

' 


, iy ey 
that gives Stabilflo 


Ps "I _ ’ Sat ‘ ; bye characteristic. 


VA fF. AAS 


AN 








STABILFLO 


CONTROL VALVES 


REG. U. S, PAT. OFF. 





FACTORIES IN THE UNITED STATES, CANADA AND ENGLAND 
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See how these 6 new Speedomax recorders 


pi : 


bas wo 
SS ne ye 
: "ees se neeeyy 





Multiple-point Speedo- 
max recorder at left is a 
familiar sight in scientific 
laboratories throughout 
the world. While the 6 
new instruments de- 
scribed below all appear 
to be practically identi- 
cal, each is different from 
the others. 








SPEEDOMAX X-Y 
RECORDER 


Automatically plots the relationship 
between any two variables which 
can be converted to d.c. signals. 
Both pen and chart motion are re- 
versible. Instrument records vacuum 
tube characteristics, hysteresis loops, 
stress-strain, temperature-elongation, 
differential thermal analysis curves 
... Applications are as broad as a 
researcher's imagination. Write for 


Folder EM9-420(2). 


_ND46(5) 
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SPEEDOMAX ADJUSTABLE 
RANGE - ZERO RECORDER 


Automatically plots voltage repre- 
senting force, weight, temperature, 
temperature-difference, speed ... or 
any other condition. Suppressing 
ZERO pushes non-significant mv off 
scale. Adjusting RANGE spreads 
few significant mv right across chart. 
Range continuously adjustable from 
—0.1 to +1 mv... up to —2 to 
+20 mv; zero suppression, from 
—50 to +50 mv. Folder ND46(2). 


Information ond application dota on ony Speedomax. electronic 
just write our ‘Mearest office or 4907 Stenton Ave., Phila. 44, Pa. 


¢ ie 
LEEDS. 


Oo 





SPEEDOMAX 2-PEN 
RECORDER 


Automatically plots 2 curves on 1 

chart simultaneously .. . overlapping 

or side-by-side. Follows minute 
shifts in fast-changing variables with 
ease. A ‘'2-in-1" recorder, it takes 
any two standard Speedomax 
ranges. Circuits work with thermo- 
couples, Thermohms, strain gages, 
tachometers, thermal converters, pH 
. . or most other primary ele- 
Write for Folder EM9(1). 


cells . 
ments, 











car 

















. | SPEEDOMAX presets 


6 precision electronic servants 


S the tempo and complexity of today’s 
research and engineering activities ac- 
celerate, more and more investigators are 
stepping up efficiency through use of time- 
saving Speedomax recorders. Tireless auto- 
matic assistants, these electronic servants are 
taking over the chores of routine computation 
... eliminating tedious manual plotting of data. 
Especially timely are these 6 new Speedomax 
recorders developed specifically for laboratory 
use. While each is a specialist, it is also de- 
signed for a diversity of applications. 


Common denominators for all six are tradi- 
tional Speedomax precision and high-speed 
response. Recording pens can whip across 
the 9%” chart in as little as 1 second, if the ap- 


plication demands, though speeds of 2 and 8 
seconds full scale are also available. Balancing 
is velocity-damped to take advantage of this 
high speed. 

Alert to the most minute variation in “X,” 
the sensitive electronic balancing system is the 
perfect complement for the instrument’s ac- 
curate null-balance measuring circuit. Thor- 
ough filtering, shielding and guarding screen 
out transients . . . permit use of Speedomax 
in the presence of severe stray fields. 

Net result: the investigator can follow com- 
plex, fast-changing variables with ease and 
confidence . . . knowing that the record on his 
Speedomax is faithfully following the actual 
function being measured, 


can solve your data-logging problems... 








SPEEDOMAX PHOTOMULTIPLIER 


Automatically plots accurate record 
of light intensity or other low level 
radiation. Can be direct-connected 
to photo-multiplier tubes . . . elim- 
inating separate preamplifier. Avail- 








TUBE RECORDER 


Applies accurate 


SPEEDOMAX POWER 
LEVEL RECORDER 


Automatically plots radiation pat- 
terns of antennas and hydrophones 

. frequency characteristics of 
filters, amplifiers, loudspeakers, etc. 
“insertion loss” nificant figures. An “automatic 





SPEEDOMAX PRECISION 
THERMOMETER RECORDER 


Automatically plots temperature 
curves for calorimetry, freezing and 
boiling points ... reads resistance of 
platinum thermometer to five sig- 


it covers the entire 








able by switch are four ranges: 0.02, 
0.06, 0.2, and 0.6 us. Dark current 
or noise of photo-multiplier tube is 
readily offset by built-in manual 
compensator. Write for DS-240-70- 
EM%1) to (3). 








oe 0am 


principle of measurement. Recorder 
can be supplied with full scale read- 
ing of 20, 30, 40, 50, or 60 db, 
referred to a base level of as little 
as 0.02 microwatt. Write for Folder 
ND46-51(1). 





Mueller Bridge, 
range from —260 to +500 C with 
precision of +0.01 C. Automatic 
range-changing mechanism expands 
chart width 100 times. Write for 
Folder ND46-33-240(1). 
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HOW TO SIMPLIFY PROBLEMS OF 
REMOTE MEASUREMENT AND CONTROL 





| THE TRANSMITTER 





THE RECEIVER 





Bristol Metameter* Telemetering Instruments Help Step Up Production... 
Save Time and Money... by Remote Measurement and Control of Pressure, 
Water Level, Flow, Temperature, Motion, Voltage, Current, Power and 
Totalized Load. 


The Bristol Metameter Telemeter consists of three unit parts: Transmitter, 
Receiver, and interconnecting line which provides the electrical circuit between 
the two instruments. 

The Transmitter is located close to the point of measurement. Its function is to 
transmit the readings to the receiver which can be any distance from a few feet 
to many miles away. 

Readings can be transmitted over any two-wire circuit or its equivalent. Pri- 

vate wires, telephone circuits, radio (including microwave), or carrier current 
channels can be used. 
THE TRIED AND PROVED TELEMETERING SYSTEM. Bristol Metameter Tele- 
meter is the product of 37 years of pioneering research and development work. 
Bristol’s continuous program of engineering research and development keeps 
the Metameter abreast of modern requirements, making it the most reliable and 
widely used instrument in the field of telemetering. 


A few of the thousands of Bristol Metameter Telemeter users: 


Standard Oil (Indiana), Flintkote, Jones & Weirton Steel, Eastman Kodak, United 





Laughlin Steel, Bethlehem Steel, Corn 
Products Refining Company, Champion 
Paper & Fibre, Mathieson Chemical, New 
York Central System, McCarthy Chemical, 


Piece Dye Works, Freeport Sulphur, U. S. 
Weather Bureau, Bonneville Power Admin- 
istration, Woodward Iron, Celanese Corpo- 
ration, Anaconda Copper. 


*Reg. U.S. Pat. Off. 


WRITE US FOR BULLETIN M1700. THE BRISTOL COMPANY 113 BRISTOL ROAD, WATERBURY 20, CONN. 





UNITED STATES STEEL COMPANY These Record- 
ing Metameter Receivers provide fuel dispatcher with in- 
formation concerning gas fuel supply and demand through- 
out plant at Gary, Ind., help maintain highest production of 


steel with lowest fuel cost. 





AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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AT THE FORD PLANT Metameter Receivers used by the 
Ford Motor Company in dispatching gas throughout its 
Dearborn plant, bring readings of pressure and flow to 
central point for use of dispatchers. This installation has 
been in operation since 1936, 


BRISTOL 











TRADE MARK 

















a NEW MARK of Long-Established 
Quality 


Since 1878 and the earliest bicycle cyclom- 
eter... to the present day when counters 
are built into everything from hay-balers 
and textile looms to jet planes and gasoline 
pumps... Veeder-Root has been “the name 
that counts.” 

Today, Veeder-Root is the world’s largest 
manufacturer of counting and computing 
devices for mechanical, electrical, and man- 
ual operation. And as a symbol of “the 
name that counts,” this trademark has 
been developed as a hallmark of old- 


fashioned quality and modern design in 
everything that counts. 

So when you buy counters. look for this 
mark, and remember: V-R stands for 
Veeder-Root ...and also for “Value 
Received.” 


VEEDER-ROOT INCORPORATED 
“The Name That Counts” 
HARTFORD 2, CONN. e GREENVILLE, S. C. 
Montreal, Canada . Dundee, Scotland 
Offices and agents in principal cities 





Veeder=Root [CouinrelRisp|  Gerything an Lath 











REG. U. S. PAT. OFF. 
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CUT CORES 
elty.t 43 
RECTANGULAR 
TOROIDAL 








. 
” 














RANGE OF MATERIALS 

Depending upon the specific 
properties required by the applica- 
tion, Arnold Tape-Wound Cores 
are available made of DELTAMAX 
. . 4-79 MO-PERMALLOY. . . 
SUPERMALLOY . . . MUMETAL 
... 4750 ELECTRICAL METAL... 
or SELECTRON (grain-oriented 
silicon steel). 


RANGE OF SIZES 


Practically any size Tape-Wound 
Core can be supplied, from a frac- 
tion of a gram to several hundred 
pounds in weight. Toroidal cores 
are available in fifteen standard 
sizes with protective nylon cases. 
Special sizes of toroidal cores—and 
ail cut cores, square or rectangular 
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nything You May 
PE-WOUND 


cores—are manufactured to meet 
your individual requirements. 


RANGE OF TYPES 


In each of the magnetic materials 
named, Arnold Tape-Wound Cores 
are ae a in the following 
standard tape thicknesses: .012”, 


.008”, .004”, .002”, .001”; .0005”, 
or .00025”, as required. 

















MAGNETIC AMPLIFIERS 

PULSE TRANSFORMERS 
CURRENT TRANSFORMERS 
WIDE-BAND TRANSFORMERS 
NON-LINEAR RETARD COILS 
PEAKING STRIPS... REACTORS. 





































HONEYWELL SUPPLIES MAN 


of wire prevents insulat 


This butt-welded thermocouple is faster because: (1) Butt- 
welding replaces mass of metal at hot junction; (2) Shape 
from dissip 


BUTT WELD 






ting heat and affect- 








ing response. 





J. F. KRAMER, Honeywell Supplies Man in 
the Cleveland area, tells Mr. George Taylor 
of the S. K. Wellman Co. all about the new 


Brown butt-welded thermocouple. . . after 
describing the benefits of the HSM Plan for 
buying pyrometer supplies. 


You’ll be pleasantly surprised when you learn 
how the plan can add new convenience and 
economy to your pyrometer supplies purchas- 
ing, too! 


There’s a Honeywell Supplies Man near you 
. . . at your local Honeywell office . . . no 
further away than your phone. Call him 
in today, and you’ll take an easy step in the 
right direction. 

MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, 4482 Wayne Ave., Phila- 
delphia 44, Pa. Stocking points in Philadel- 
phia, Cleveland, Chicago, Atlanta, Houston, 


MInNEAPOLIS 


Hone 


BROWN 


© Important Reference Data 


Write for Specification Sheet No. 306 on the butt-welded thermocouple . . . 


ywell 


INSTRUMENTS 


Los Angeles and San Francisco. 
Fouts a, Covttiols 


and for new Pyrometer Supplies Buyers’ Guide No. 100-4. 
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spotlighting a different kind of saboteur tn 
vital instrument lines ! 





Oil-laden air can knock out your air-operated 
instruments . . . just as effectively as a ‘fifth 
columnist’ can! When a slug of oil hits, 
you know what it can mean in production 
losses and excessive maintenance. That's 
why you'll be interested in this news about 
an easy, economical way to eliminate oil 
in instrument lines: 


Ingersoll-Rand has engineered special air 
compressors that deliver oil-free air. These 
I-R Compressors feature pistons fitted with 
patented, graphitic carbon rings. The rings 
prevent metallic contact of the piston with 





Model N machines available through | hp. 


Model 235 HNL machines available 
through 3 hp—other models through 250 hp. 
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the cylinder bore. The carbon rings are 
segmental with metallic inner expanding 
rings to give the proper wall pressure. 
Because metallic contact is eliminated, 
and the rings are self-lubricating, the Inger- 
soll-Rand NL Compressor cylinders require 
no lubricant. 


If oil-laden air has ever caused you trouble, 
Ingersoll-Rand has engineering facts and 
figures that will interest you. Just contact 
your nearest I-R representative, or write 
direct to Ingersoll-Rand, 11 Broadway, New 
York 4, New York. 


676-3 


Ingersoll-Rand 
NL COMPRESSORS 


nese new compressors fo, 5, 
gio © 
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ens: 


~« | A NEW APPROACH IN AIRCRAFT TORQUE PRESSURE INSTRUMENTATION 


ing 

re. Provides complete freedom from the attacks of 

ed, sand, dust, fungus, salt fog and humidity 

er- 

‘ LOOK AT THESE EXCITING “FIRSTS”... In this Synchro Torque Pressure Transmitter one element 

ure e Hermetically sealed and helium protected pressure and measures the pressure and the other the ambient outside 

electrical elements. pressure. Together, these two Nispan elements measure 

e Nispan “C” pressure elements eliminating bimetallic the applied pressure in a sealed case charged with an 

le, Sk es inert gas, and transmit an electrical signal through a 

A * oe stg in remote ——-* glass-to-metal connector. 

| ' “i canal secre vlaciiiane g nékiomidisacnbin saad This refreshing solution to a difficult problem leads a 

1c ; ; : 

e External adjustment through hermetic seal. were flight of i darect-pepnenend mipen pressure 

ite e Isolating link and pressure pick up for temperature indicators for oil, fuel, manifold, and hydraulic pressures. 

ow extremes of —85 and +230 F. United States Gauge, Division of 


6/6-3 


Ww 











American Machine and Metals, Inc., 
Sellersville, Pa. 





USG USG usG uUSG 
Oil Pressure Gauge Fuel Pressure Gauge Manifold Hydraulic , 
Pressure Gauge Pressure Gauge 


Luildly k Yaiges Cupiecrad for Cnliwing Seay 


PRODUCTS OF UNITED STATES GAUGE... Absolute Pressure Gauges « Aircraft Instruments * Air Volume Controls « Altitude Gauges * Boiler Gauges 
Chemical Gauges * Mercury, Gas, and Vapor Dial Thermometers ¢ Glass Tube and Industrial Thermometers * Flow Meters © Inspectors’ Test Gauges 
Precision Laboratory Test Gauges * Marine, Ship and Air-Brake Gauges * Voltmeters « Ammeters * Welding Gauges 


OTHER DIVISIONS OF AMERICAN MACHINE AND METALS, INC., AT SELLERSVILLE, PA.: GOTHAM INSTRUMENTS AND AUTOBAR SYSTEMS 
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Main Panel Board for control of 3000 bbl per day Kiln 
at Missouri Portland Cement Company, St. Louis, Missouri. 


Bailey Control for Rotary Kilns gives you better perform- 
ance three ways: 

1. Economical Operation 

2. Uniform Quality of Product 

3. Reduced Maintenance 
These are advantages which can be achieved when all phases 
of kiln operation are coordinated to work together as a team. 
Here’s how Bailey Kiln Control can help you get all three. 


ECONOMICAL OPERATION 


With Bailey Combustion Control you can be certain that 
you are getting maximum product for every unit of fuel 
you burn. Bailey Control closely guards the Fuel-Air 
Ratio, Hood Draft, Fuel Feed, Clinker Cooling and the 


Temperature of Air for Combustion. 


UNIFORM QUALITY OF PRODUCT 


Bailey Instruments and Controls can help you achieve a 


BAILEY METER COMPANY > 


CLEVELAND 10, OHIO 


1041 YARMOS ROAD e ° 


bailey Control 
for Rotary Kilns 


uniform high grade product. Measurements of tempera- 
tures, kiln speed, combustibles content, and oxygen con- 
tent can be transmitted to recorders on centrally located 
control boards like the one shown. There is no sacrifice 
of accuracy or speed of response. High temperature alarm 
contacts may also be provided with Bailey Pyrometers as 
a further aid in achieving optimum uniformity of product. 


REDUCED MAINTENANCE 


By maintaining uniform temperatures and excess air con- 
ditions in the kiln, Bailey Controls help to reduce to a 
minimum costly refractory repairs and wear and tear on 
auxiliary equipment. 


Bailey Meter Company has a staff of engineers who are 
experts in the control of rotary kilns. Assure yourself of 
optimum kiln performance. Let one of these men help 
plan your Kiln Control System. P-22 
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Eecte=in NOLTAGE REGULATION \ lt 


Insure constant plate and filament voltage | 
for your electronic products with standard 
SOLA “CVE” POWER TRANSFORMERS. 








Specify the new SOLA 


“CVE” Constant Voltage | 
Power Transformers in 

your circuit design to tT ST@) LA 
eliminate the variable of rN 
fluctuating line voltage at TYPE CVE 
unusually low cost. Regu- | eg 
lation of filament and 

plate supply is +3% at 
line voltage variations 
from 100 volts to 130 volts. 














pat won 


INi(CO0D)) (OLD) | ch 
REGULATION COMPARISON 
LS SOLA “CVE” Power Transformer— 


Typical Ordinary Power Transformer— 


























10] Ors 8 ON 1 | Oa C1 @) 


CHICAGO, lL ,U SA 





The SOLA “CVE” standard Power Transformers are completely 
automatic and continuous in regulation .. . have no moving parts - 
or tubes . . . and are self-protecting against short circuit. They are 
stocked in 42 V.A., 75 V.A. and 210 V.A. capacities to cover most 
electronic power supply requirements. We invite your inquiries on 
the application and benefits of the moderately priced “CVE” 
Constant Voltage Power Transformers to your product. For full 
electrical and mechanical specifications «write for Bulletin G-CVE-138. 


SOLA 2 


“CV” for high precision voltage regulation. “CVE” for regulated electronic , [ 
| power supplies. “CVH” for constant voltage with less than 3% harmonic wm 10 me 
distortion. "CA for constant vo on television receivers. PRIMARY VOLTAGE 


D.C.OUTPUT VOLTAGE 


FILAMENT VOLTAGE 


January 1952—Instruments—Page 17 











AE j My A] i i i 
? et} | fr i 
P ag /] Ih fi f 
; ill) 


ELAPSED TIME — SIXTY-EIGHT YEARS 


93 Logan Street, Springfield 2, Massachusetts 


TIMERS AND CHRONO-TACHOMETERS 
LABORATORY PANELS 
PROGRAM CLOCK SYSTEMS PIPELINE ANALYZERS 


Page 18—Instruments—Vol. 25 





80° -90° 105°C UL APPROVED WIRES* 


SHIELDED wats and ~~, 


Longing ining 


COMMUNICATION WIRES and CABLES im “ove S04 more—encnurs 


designers, production men and 

purchasing officials have come to 

——— dae regard Plasticord and Plasticote 

(0 AXIAL CABLE Wires and Cables by Chester as 
. r the standard of comparison. This 
Wik is because every inch of these 
dependable insulated conductors 


nsTRUMEN! . is made to conform to exacting 
WIRES and CABLES to SPECIFICATION fgg cuelity controts that assure long 


service life, and performance as 
specified by the factory. That’s 
the reason electrical men, every- 
where, look for the Chester 
trademark when they’re looking 
for the best! 


*Solid Colors or Spiral Marking 


i i — 
fo 
eee a ee 
says™= 


Our new catalog is a complete guide to 
plastic insulated wire and cable for every 
ss g Purpose. Write for a copy of this im 
ae i. } J tant data compilation for your files today 
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He needs 
only a 
handful of 
check weights! 





The calibrated check weights sup- yi ~ 
plied with each meter are stamped S) - 
with the equivalent in inches of 

water differential. An easy calculation gives the rela- 
tion between differential pressure and meter reading. 


Here is all you do to check a Hagan Ring Balance 
Meter: 
1. Simply close one shutoff valve and 
open the equalizing valve 
2. Check for zero 
3. Put check weights on ring assembly 
4. Read pointer or pen position. 


Checking the Hagan Meter minimizes meter outage 
time. Sounds easy? It’s just as easy as it sounds. 


HAGAN CORPORATION 


RING BALANCE FLOW AND PRESSURE INSTRUMENTS 
‘THRUSTIORQ FORCE MEASURING DEVICES 
BOILER COMBUSTION CONTROL SYSTEMS 
METALLURGICAL FURNACE CONTROL SYSTEMS 


HAGAN 
HALL 


BUROMIN 
CALGON 
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One man can check a 
Hh \\ 
HAGAN RING BALANCE METER! Mt 3 


Sg 6 pga rm a eh 








ia | 
PGs ‘san87: “a 




















The check weight system 
for checking HAGAN 


Ring Balance Meters is: 


% ACCURATE —check the Hagan Ring, Balance 


Meter under full static pressure. 


%& CONVENIENT —a handful of check weights does 


the trick—no cumbersome equipment. 


* TIME—AND MONEY- SAVING—only one man 


is needed, and he can check the Hagan Meter in 
a very few minutes. 


For information about Hagan Ring Balance Meters 
and how they can work for you, write to Hagan Cor- 
poration, Hagan Building, Pittsburgh 30, Pa. 


Hagan Corporation 
Hagan Building 
Pittsburgh 30, Pennsylvania 


Please send me further information on Hagan Ring Balance 
Meters. I am particularly interested in........ 





NAME 





I aascnsecececssnceszevenee 
STREET AND NUMBER. 


DR ssi csstesnicianetntee tiveness on ZONE 
I-1 


STATE.. 
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These exchangers are particularly useful in chem- 
ical processes or in cooling quench baths during heat- 
treating of metals because their constant tempera- 
ture assures uniform rate and quality in production. 

One of the key points in the operation of Niagara 
Aero Heat Exchangers is precise temperature control 
of spray water. 

To make sure of positive temperature control at all 
times, Niagara reliesona Fenwal THERMOSWITCH 
thermostat. This unique, low-cost unit prevents tem- 
perature of spray water from dropping below a given 
point by controlling steam injector or electric im- 
mersion heater which supplies additional heat. It also 
starts the spray pump motor. 

These easy-to-install, easy-to-maintain Fenwal 
THERMOSWITCH thermostats are used to solve 
all types of control problems. Their activating con- 
trol element is the single-metal shell that expands or 





\\ Just fill in coupon and mail. . 


Los Angeles, Cal. 


TEMPERATURE CONTROL ENGINEERS 
Name . Position 
Company 
Street .... ; 
City : Zone.......... State 


‘eptnioapans Wann gece e emma arabe nian esr mis 


- 
‘Be F REE! Get this bulletin... see what Fenwal | 


© THERMOSWITCH Units can do for you. | 
- no obligation. 


ee) FENWAL, INCORPORATED, !7! Pleasant St., Ashland, Mass. | 
3 i 


Precise temperature 


control by Niagara Aero 


Heat Exchangers 


achieved by 


Multi-Purpose Thermostat 


Fenwal THERMOSWITCH thermostat con- 
trols spray water temperature by admit- 
ting steam to steam injector — or turning 
on electric immersion heater to heat spray 
water. 


contracts instantaneously with temperature changes, 
making or breaking the totally enclosed electrical 
contacts. 

Find out now how Fenwal THERMOSWITCH 
units can help you. They effectively control many 
variables where heat is a factor. Mail coupon below 
for further information. 


. SERMOSWiTcH 
SENSITIVE | Fhsthiosigiuk e 


-but only to heat 


1 am chiefly interested in the applications checked: 


I 0 Heating 0 Cooling 


0 Alarm (over-temperature, 
under-temperature) O Vapor Control 


OD Timing (thermal) © Radiant Heat Control 
OD Pressure Control (by controlling vapor temperature) 


0 Humidity Control or De- 
tection 


| 
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Where mechanical precision 
means electrical accuracy 


There's more to a precision potentiometer than _ precision equipment of all kinds for more than 

accurate windings. In order that the required thirty years. Our engineers and craftsmen eat, 

high electrical tolerances be held, it is absolutely drink, and sleep precision. Since our first poten- 

essential that such parts as the shaft, mounting tiometer was produced, we've made it a practice 

plate, and housing be designed and built for to carefully control every phase of manufacture 

highest mechanical accuracy. by building in our own plant every part that af- 
At Fairchild, we’ve concentrated on building fects accuracy. 
















The example below is but one case of how this extra mechanical precision assures highest electrical accuracy. 











of 
be 
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CRUCIAL PRECISION IN A RADAR CONTROL ASSEMBLY The gears on SI 

this radar control assembly were precision cut to eliminate backlash and 

binding, but the care that went into their manufacture could have been fa 

completely nullified if the potentiometer coupled to them was not mechani- re 

cally precise. In this case, overall accuracy is assured by using a Fairchild , : 

precision unit. The windings of all Fairchild potentiometers al 

Like all Fairchild potentiometers, this one has a shaft that is centerless are custom-made on special Fairchild-designed 

ground from stainless steel to a tolerance of +-.0000, —.0005 inch. Its radial machines. Guaranteed functional tolerances are 

shaft play is held to .0015 inch F.LR. or better and concentricity of shaft to +0.5% for linear windings, +1.0% for non- v 

pilot bushing is .0025 inch F.LR. or better, depending on type. Shaft to linear windings—even better in some cases. tc 

mounting-plate squareness is held to .001 inch per inch. 
t 
5] 
P 
t 

A COMPLETE LINE EXPERTLY DESIGNED AND BUILT TO INDIVIDUAL SPECIFICATIONS \ 


PROMPT ATTENTION TO SAMPLE ORDERS. Prompt, ex- 


pert attention to special potentiometer problems is 


yours by merely dropping us a line. Our Potenti- 
ometer Sample Laboratory is set up explicitly to fill 
such needs. Where sample orders are requested, 
quick delivery is assured. Write today, giving com- 


plete details to Fairchild Camera and Instrument 
Corporation, 88-06 Van Wyck Boulevard, Jamaica — PO TEN ‘ioe TERS 
1,21. Y. Dept, 149-20 B. 
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Ideas 
you 


These diagrams show a few 
of the ways in which Sylphon 
bellows assemblies are used— 
where there’s a design problem 
involving control of temperatures 
or pressures. They open and close 
valves, dampers, etc., absorb ex- 
pansion, provide packless con- 
struction, have many more uses. 


We’ve developed bellows assem- 
blies that are used in practically 
every industry. It’s a specialty with 
us—has been for half-a-century. 
Skilled craftsmen and complete 
facilities produce exactly what you 
require, no matter how complex 
an assembly you need. 


Your problem may parallel one 
we have solved for another cus- 
tomer. Or, we'll work with you 
to develop an assembly for your 
specific application—making im- 
portant savings for you in time, 
trouble and money. 

Wide range of metals and sizes. 
Write for information. Ask for 
idea-stirring Catalog AE-1200. 





FULTON 
SYLPHON 


DIVISION 
Knoxville 4, Tenn. 


TEMPERATURE CONTROLS 


es 
FELLOWS assematics « BeLiows DEVO 





3 
J 
Fig. 1 Thermostatic Motor —This type 
of assembly is widely used. in tempera- 
ture regulators, etc., where a thermo- 
static. charge is confined in the bellows 
and where a valve, switch, damper, 
etc. is to be operated in response to 
temperature changes. 


{ MOVEMENT 
| 


Fig. 3 Pressure Motor —Bellows assem- 
blies are often employed to convert 
pressure effects into controlled move- 
ment. Fig. 3 shows such an assembly 
where the pressure is applied inside 
the bellows. 


MOVEMENT 


: | = rato 
Ch This type 


Fi % 5 g P ry i i 

of auanuly is employed to absorb 
thermal or pressure expansion. With 
suitable heads, it would be used to 
serve as a reservoir for a liquid or gas. 
Example: Oil reservoir for electrical 
cable joint. 


liek 
- 


Fig. 7 Motion Transmission—T wo bel- 
lows assemblies joined by a tube for 
hydraulic transmission of motion or 
power. Motive force applied may be 
either thermostatic or mechanical. 











wipe 9 Shaft Seal —Widely used for 
refrigeration compressors to prevent 
leakage around seve shaft. Spring 
pressure holds nose of seal against 
shoulder on shaft. Another type used 
rotates with shaft and seals against 
stationary plate. 





| MOVEMENT 


BULB 
TUBE 

fis.2 Thermostatic Motor —This assem- 
bly is used where it is desirable to 
have the thefmostatic charge confined 
outside the bellows and within a cup. 
May be used with or without remote 
bulb shown. 


| ial 
ig. 4 Pressure Motor —This assembly 
differs from Fig. 3 in that the pressure 


is applied outside the bellows and 
within a cup. 


Fig. 6 Expansion Joint — Packless and 
leakless construction for expansion 
joints used to absorb, thermal expan- 
sion of pipe lines carrying steam, water, 
etc. May be used to absorb vibration 
and provide flexible connection for 
other applications. 


MOVEMENT 


Fig, 8 Packless Construction —Illustrat- 
ing packless valve construction. Same 
principle used to seal stem movement or 
adjustment in many types of apparatus. 





Fig. 10 Flexible Joint —Providing a 
means to seal a flexible joint or mechan- 
ical movement of levers, linkage, etc., 
against leakage where the movement 
must be conveyed outside an enclosure. 
Example: Operating stem of float 
switches, etc. 







BRIDGEPORT 
THERMOSTAT 


DIVISION 
Bridgeport 1, Conn. 
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Series 400 
Pressure Reducers 
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Accurate low-cost regulators . 


For longer service with negligible main- 
tenance, operating parts are reduced to just 
three, inner valve, stem and diaphragm, in 
the Klipfel 400 Series air-loaded Pressure 
Reducing Valves. In addition, these 400 
Series Valves provide exceptionally close 
regulation for an unusually low initial cost. 

The stainless steel ball inner valve is a 
perfect sphere, extremely hard and well 


VLELLL Edda 


only 3 moving parts 














No. 432 with 
constant air sup- 
ply—for quick, 
easy adjustment. 

















No. 431 with air 
dome—for iso- 
lated installa- 
tions. 











y 





No. 430 with 
separate air tank 
—for variable 
ambient temper- 
ature. 











guided to close to a tight seat. Easily re- 
seated if mecessary...is self-cleansing and 
non-sticking. Diaphragm is always in balance 
...Mo stress, no bursting. Regulation is accu- 
rate and easily controlled. For increased 
safety, flow automatically shuts off in case 
of diaphragm failure. 

For full data on the Klipfel 400 Series 
Valves, for steam, air, water or gas, write 
Dept. DA-1 for Bulletin No. 148. 


VALVES INCORPORATED @ 


DIVISION OF HAMILTON-THOMAS CORP., HAMILTON, OHIO 
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‘ W&T PRECISION INSTRUMENTS 


\) 
é. 





THE W&T ABSOLUTE PRESSURE CONTACTOR 


This sensitive, yet durable aneroid device is used for 
actuating. an electric circuit at a preset value of absolute 


pressure. 
_ Outstanding features of the Contactor, type FA-193, 
include: 
Range of 
adjustment ...... 0-2 mm Hg. and other. ranges made to cus- 
tomer’s specifications up to 800 mm Hg. 
absolute pressure. 
Sensitivity....... will make or break within 0.10 mm Hg. 
Contact capacity. . . 5 ma at 115 volts A.C. 
Repeatability ..... 0.10 mm Hg. 


Vacuum-tight construction 
Over pressure protection 


THE W&T ABSOLUTE PRESSURE INDICATOR 


This precision instrument is used for quick, dependable 
indications of absolute pressures in the vacuum range. Pres- 
sure readings are independent of the nature of the gas. It is 
available in two dial sizes — 234” and 6”. 

Other features of the Indicator, type FA-160, include: 


WOMENS 60: 0-4 ves ov eres 0-20, 0-50, 0-100, 0-200, 0-410 and 390-800 
mm Hg. absolute pressure. 

Sensitivity ...... One part in 500 

Py One part in 300 


Over pressure protection 
Direct readings 
Rugged vacuum-tight construction 


THE W&T ABSOLUTE PRESSURE CONTROLLER 


The Controller with its associated Electronic Relay 
furnishes precision control of absolute pressure and pro- 
vides a continuous indication of absolute pressure. Inde- 
pendent adjustment of the “high” and “low” contacts is 
made through a magnetic clutch thus eliminating stuffing 
boxes and seals and ensuring leak-tight operations. 

Outstanding features of the Controller include: 


NINE Gia ctc.s/'s oeve 0-20, 0-50, 0-100, 0-200, 0-410 and 390-800 
mm Hg. absolute pressure. 

Sensitivity ...... One part in 500 

Accuracy ....... One part in 300 

Relay contact 

COPRCEY!) 6 6. ks . ne 110 Volts, 60 cycles non inductive 
oad. 


Fast accurate response 
Over pressure protection 
Vacuum-tight construction 


Additional Information Will Be Supplied On Request 


WALLACE & TIERNAN 
PRODUCTS, INC. 


EC} NISMS AND PRECISION INSTRUMENTS 





0-100 Scale 





ELECTRICAL 


Belleville 9, New Jersey « Represented in Principal Cities 


A-85 
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Cutaway View of PARKER Aircraft Shutoff Valve Showing O-Rings. 


oof; Seals. .Simuple to use 


WHEN YOU SPECIFY PARKER O-RINGS 


PARKER synthetic rubber O-rings provide perfect, 
leakproof sealing with economy of weight and space 
. . . Without special complicated design .. . just a 
groove for the O-ring is needed. Economical in 
first cost, easy and simple to replace. For moving 
and non-moving applications. 

PARKER is the one source for all standard 
O-rings to meet specifications covering fuel, hy- 
draulic and engine oil services... and for special 
service O-rings of tested and approved compounds. 
Ask your PARKER O-ring Distributor for Catalog 
5100, or write direct to The PARKER Appliance 
Company, 17325 Euclid Avenue, Cleveland 12, Ohio. 


\Dendlaair 


THIS IS IT 
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TUBE FITTINGS ¢ VALVES « O-RINGS 
Plants in Cleveland « Los Angeles » Eaton, Onio + Berea, Ky. 


O-RINGS 


ARE STOCKED BY 
THESE AUTHORIZED 
DISTRIBUTORS 


AKRON 
B. W. Rogers Co. 
P. O. Box 1030 
Akron 9, Ohio 
BOSTON 
Irving B. Moore Corp. 
65 High Street 
Boston, Mass. 
BUFFALO 
Hercules Gasket & Rubbe: Co 
327 Washington St. 
Buffalo 3, N. Y. 
CHICAGO 
Shields Rubber Co. 
564 W. Randolph St. 
Chicago 6, Ill. 
Air Associates, Inc. 
5300 W. 63rd St. 
Chicago, Ill. 
CLEVELAND 
Cleveland Ball Bearing Co. 
3865 Carnegie Ave. 
Cleveland, Ohio 
Neff-Perkins Co. 
1360 West 9th St. 
Cleveland 13, Ohio 
DALLAS 
Air Associates, Inc. 
3200 Love Field Dr. 
Dallas 9, Tex. 
DETROIT 
J. N. Fauver Co. 
49 West Hancock St. 
Detroit 1, Mich. 
FORT WORTH 
Adco Industries 
1413 Electric Bidg. 
Fort Worth 2, Tex. 
INDIANAPOLIS 
F. H. Langsenkamp Co. 
229 E. South St. 
Indianapolis, Ind. 
LOS ANGELES 
Synthetic Rubber Products Cc. 
1538 South Eastern Ave. 
Los Angeles 22, Calif. 
MIAMI 
Air Associates, Inc. 
International Airport 
Miami, Fla. 
MILWAUKEE 
Allrubber Products & Supply Co. 
612 South Second St. 
Milwaukee 4, Wis. 
MINNEAPOLIS 
Van Dusen Aircraft Supplies, Inc. 
2004 Lyndale Ave., South 
Minneapolis 5, Minn. 
NEW YORK 
Durham Aircraft Service Co. 
5615 Northern Bivd. 
Woodside, N. Y 
Nielsen Hydraulic Equipment Co. 
298 Lafayette St. 
New York 12, N. Y. 
PHILADELPHIA 
Goodyear Supply Co. 
1506 Latimer St. 
Philadeiphia, Pa. 
PITTSBURGH 
Shields Rubber Co. 
137 Water St. 
Pittsburgh 22, Pa. 
ST. LOUIS 
Metal Goods Corp. 
5239 Brown Ave. 
St. Lovis 15, Mo. 


WICHITA 
Standard Products, Inc. 
650 E. Gilbert 
Wichita 11, Kan. 
CANADA 
Railway & Power Engineering 
Corp., Ltd. 


3745 St. James St. 
Montreal 30, Que. 
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How many devices do you know of that use an amplifier to boost 
a feeble input signal up to where it will operate a relay? Most of 
them would be more reliable . . . more compact... more eco- 
nomical—if the amplifier could be omitted. 
It can be omitted! For rugged Weston Sensitrol Relays operate 
reliably on input signals as slight as 1 miéllivolt or 12 micro- 
ampere, handle substantial wattage at 110 volts! They require 


no power for excitation. 
Engineering assistance is freely offered to help you adapt these 


Sensitrol Relays to present products, or any new problems you 
may have in mind. Simply consult your nearest Weston Repre- 
sentative, or write Weston Electrical Instrument Corporation, 
606 Frelinghuysen Avenue, Newark 5, New Jersey .. . manu- 
facturers of Weston and TAGliabue instruments. 








WESTON Srsecmenll 
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Se sj tr ol atra-sensitive relays... 


A Type for Every Need 


So sensitive that they operate di- 
rect on the output of a photo-elec- 
tric cell or thermocouple, Sensitrol 
relays enable the instrument engi- 
neer to dispense with amplifiers, 
vacuum tubes and auxiliary power 
supplies. Single or double con- 
tacts, fixed or adjustable, manual 
or solenoid reset. Be sure you have 
a copy of Bulletin B-25-B, which 
gives detailed data on Sensitrol 
and other Weston relays. 
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No. 797—24-inch heavy 
duty electric motor operated 
valve. Handwheel for man- 
val use in case of current 
failure. 







No. 700—20-inch class “B"”’ 
cast iron valve equipped 
with heavy duty handwheel 
control and threaded reach 
rod. 













No. 627—Cylinder operated 
60-inch heavy duty valve 
(either pneumatic or hy- 
draulic control). 


























R-S Valves are synonymous 
with the simplified control 
and shut-off of any material 
that flows or is forced 
through a pipe, under a 
wide range of pressure and 
temperature. 
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ATLANTIC CITY 
a a oe ‘mneflfes- 
>> PUMP SHUT-OFF 


New pumping units of the modern Atlantic City Pumping 
Station supplying water for this seashore resort are equipped 
with 125-pound handwheel operated R-S valves. 

The valve illustrated above is closed in a matter of seconds 
(only six handwheel revolutions required) before the pump is 
started in order to prevent an overload on the pump oad motor. 
The valve is then opened gradually and easily regulated according 
to demand. 

Such valves can be equipped with hydraulic cylinders (tapped 
into the pipe line before and after the pump). As long as the 
differential pressure remains above a predetermined value, the 
cylinder will hold the valve open. Power or mechanical failure 
will cause a drop in the differential pressure, and the cylinder 
will close the valve automatically. Water hammer is impossible 
since the valve closes only as fast as the adjustable cylinder bleeds. 


Specify R-S Valves for simplified construction and operation. 


R-§ PRODUCTS CORPORATION 
4600 Germantown Avenue, Philadelphia 44, Pa. 


An S. Morgan Smith Company Subsidiary 
DISTRICT OFFICES IN PRINCIPAL CITIES 
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Phoenix Precision Instrument 


Recommends G-E Galvanometer 
“We prefer the G-E galvanometer be- 
cause of its simplicity of zero adjustment. 
Furthermore, it has the short-time re- 
sponse period needed for use with our 
photometer. Because of these features, 
we recommend its use in conjunction with 
the Phoenix B-S light-scattering photom- 
eter,” reports Mr. Edward J. Fuhr- 
meister, co-owner of Phoenix Precision 
Instrument Co., Philadelphia, Pa. 


AIDS STUDY OF VITAL DEXTRAN 

Phoenix Precision Instrument Co., 
manufacturer of scientific equipment, 
advises that its customers are currently 
using their light-scattering photometer 
and the G-E galvanometer to determine 
the molecular weight of Dextrans, a 
blood plasma substitute urgently needed 
by the Armed Forces and Civilian De- 
fense Agencies. Many industrial labora- 
tories, universities, and government agen- 
cies are using thisinstrument combination. 


48 DIFFERENT RATINGS 
Useful for measuring low values of 
current or voltage, General Electric port- 
able galvanometers are supplied in forty- 
eight different ratings; all employ a 
light-beam mechanism. The galvanom- 
eters are self-contained. 





1952 CATALOG 


G-E Measuring 
Equipment 

80 pages describing all 
of General Electric’s 
testing and measuring 
devices. For free copy 
check GEC-1016 in 

coupon at right. 








New Low Cost G-E PM-18 Portable Oscillograph 
Makes | Minute Oscillograms with Land Camera 


The General Electric Type PM-18 
Oscillograph is an entirely new, self- 
contained, portable recording instrument. 
Its advanced design provides extreme 


simplicity of operation and low cost un- - 
available in any other multi-element os- . 


cillographs. 


WIDE APPLICATION 
The PM-18 will measure both electrical 
and mechanical quantities. Electrical 
quantities include current and voltage 
phase relationships, operating speeds of 


relays and circuit breakers, and voltage , 


dips caused by motor starting. The PM- 
18 will record rapid changes in pressure, 


stress, strain, acceleration, temperature, 
* 


fluid flow, and sound intensity. 


RECORDS 2, 3, OR 4 QUANTITIES 


Designed for both schools and indus-. 


trials, the PM-18 will record 2, 3 or 4 
rapidly or slowly changing electrical or 
mechanical quantities simultaneously. 
Provided with either film pack holder, 
Polaroid-Land camera or continuous 
drive paper holder, the PM-18 will satis- 





factorily stop speeds up to 3000 inches 
per second with the Land camera, and up 
to 5000 inches per second with the con- 
tinuous drive paper holder attachment. 
Use of the Polaroid-Land camera enables 
the operator to obtain a permanent rec- 
ord of the action one minute after a test 
is completed. 


LOW COST 
The PM-18 with film pack holder and 
2 galvanometers is only $630. 





Photoelectric Recorder Measures Electrical Potential 
Differences of Onion Root Tips at Bryn Mawr College 





Unique use of General Electric’s Type 
CE photoelectric recorder has been found 
at Bryn Mawr College in measuring the 
electrical potential differences in onion 
root tips. By recording changes in the 
potential of the root tip caused by ex- 
ternally applied currents, by changes in 
the contact fluid, and by changes in 


GENERAL @ ELECTRIC 


oxygen tension, the scientists at Bryn 
Mawr have been able to eliminate the 
tedium of manual notation. Dr. L. J. 
Berry, associate professor of biology at 
Bryn Mawr emphasized, “The photo- 
electric recorder’s ability to record almost 
any quantity that can produce a d-c 
signal proportional to the quantity being 
measured has made it a basic research 
instrument at Bryn Mawr.” 

CTION 8602-223, Genenat evecterc | 


SECTION B602-223, GENERAL ELECTRIC 
SCHENECTADY 5, N. Y. 

Please send me the following bulletins: l 
Indicate: 

Vv for reference only 

X_ for planning an immediate project 
O Galvanometers GEC-694 

0 Photoelectric Recorder GEC-254 
O PM-18 Oscillograph GEC-580 

O 1952 Catalog GEC-1016 


NAME 
COMPANY........ 

| STREET 

CITY .ZONE........STATE...... 
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Taylor Mereury Manometer 


DOESN’T SEIZE. 
-DOESN’T LEAK! 





Pressure-tight bearing with Teflon 
surfaces assures efficient use of 
power, no seizing, no leaking. 





Tongue 
and groove 
construction on 
body flanges. 


Interchangeable 
range chambers 
give greater 
adaptability. 








Adjustable, 
leakless 
damping assembly. 






Positive overrange protection with 
mercury-submerged Nylon check valves. 
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Level plug 


easily establishes 
mercury level. 


Greater 
energy output 
with large 
diameter float. 





these features: 






ing; also straight line calibration. 


easily, economically replaced. 





Here's a mercury manom- 
eter that’s ideal wherever 
you need something better 
than conventional flow, 
liquid level and other dif- 
ferential pressure measur- 
ing instruments. Check 


Greater accuracy results from greater power 
of extra-large float efficiency transmitted 
by mirror-finished shaft and Teflon bear- 


Greater adaptability, thanks to six inter- 
changeable range tubes (10’’, 20’’, 50”, 
100’, 200’’ and 400"’ of water) which, except 
10’’, may be over or under ranged 3314 %. 


Maintenance is easy, because the low pres- 
sure chamber cover permits easy access to 
float and lever arm during calibration, and 
the entire pressure tight bearing can be 


Performance is dependable, because the sub- 
merged check valves give positive shutoff, 
damping valve is adjustable under full pres- 
sure, and there’s ample room in the mer- 
cury chambers to accommodate surges. 

This is just one of many Taylor Instruments 
to measure, record and control practically 
any process variable with new high ac- 


curacy and dependability. Write for Catalog 
98175 or ask your Taylor Field Engineer 


Canada. 


how Taylor can help you cut cost, protect 
your product quality. Taylor Instrument 
Companies, Rochester, N. Y., and Toronto, 


Instruments for indicating, recording and 
controlling temperature, pressure, flow, liquid 
level, speed, density, load and humidity. 
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Guest Editorial 





A Consumer Talks Back to the 


Instrument Manufacturer 


By J. R. CHURCHILL*, Chief, Analytical Division 
Aluminum Research Laboratories, Aluminum Company of America 


N ADDITION to demanding extreme quality, low price, 
I and prompt delivery, the buyers and users of scientific 
apparatus expect and need efficient service of two types 
from the manufacturer. First, they need service in in- 
stallation, adjustment, calibration, repair, and mainte- 
nance. This type of service varies with the equipment and 
becomes increasingly important as the complexity and 
delicacy of the equipment increases. 

The other type of service required is along the lines 
of technical information and consultation, and it is this 
phase of service that suppliers frequently neglect or 
handle ineptly. An outstanding job of information dis- 
semination is the typical catalog of the two or three largest 
scientific supply houses. These books serve both as Primers 
for the tyros and as reference texts for experienced work- 
ers in the field. Unfortunately, the smaller and more 
specialized manufacturers and suppliers often are un- 
able to supply adequate literature on their own products. 

Consulting service is important in all fields of appa- 
ratus manufacture. Users or prospective users should 
have easy access to people in the manufacturer’s organi- 
zation who can and will talk expertly about design, appli- 
cation, and performance of the apparatus offered. Too often 
both customer and producer suffer from having these con- 
tacts handled by pleasant young people of sketchy or non- 
existent technical backgrounds. 

The research and development programs of apparatus 
companies should be directed towards increased quality, 
convenience, and serviceability of equipment. On laboratory 
instruments, versatility and simplicity are equally im- 
portant but often conflicting needs. Modern trends are 
more and more towards elaborate, highly-automatic de- 
vices. Automatic features are obviously desirable when 
there is a definite increase in objectivity of measurement, 
precision of control, or savings in labor. Too often, however, 
it is assumed that to be automatic is a virtue in itself, 
and there seems to be a trend towards the creation of 
robots which replace fewer men than are required to 
maintain and adjust them. 

As a purchaser and user of scientific equipment, the 
author feels that price should be de-emphasized in the 
design and manufacture of scientific equipment. Industry 
is willing to pay for quality in terms of function and 
serviceability. In selecting scientific apparatus, it is often 
good economy to pay twice as much for a slightly superior 
piece of equipment. The popular practice of shaving pennies 
from the cost of elaborate and necessarily expensive equip- 
ment by using inferior minor components is a frequent 
complaint of the user. Especially deplorable is the use of 
cheap radio parts in the control and measuring com- 
ponents of otherwise high-quality apparatus. 

The technical departments of the larger instrument 
manufacturers are concerned with the adaptation of ap- 
paratus invented elsewhere, the improvement of existing 
equipment, and the control of quality. Development of 
radically new and different items of apparatus is left 
largely to the smaller and more specialized companies. 
This has worked out relatively well from the consumer’s 
standpoint. 

The consumer has learned to rely on the larger manu- 





*Summary of a talk presented November 29 in the Hotel New Yorker, 
New York City, before the Laboratory Apparatus and Optica] Sections of 
the Scientific Apparatus Makers Association. 


facturers for steady supply and reliable routine service 
on standard items, and for information and consultation 
of a broad and general nature. When he needs something 
rew or specialized, or has a specific problem requiring 
consultation in a highly specialized field, the small compa- 
ny generally serves him better. 

The proving ground of scientific apparatus is in the 
laboratory of the user. Here alone will be found the 
practical answers to the questions of utility and service- 
ability. Here, too, is the best source of information as to 
the present and future needs of the users of equipment 
and of ideas and suggestions for new or improved prod- 
ucts. Figuratively at least, the development laboratory of 
the successful apparatus manufacturer is spread among the 
laboratories of his customers, and only a minor fraction 
is located on his own property. All of this adds up to 
the most pressing need in the field of scientific apparatus— 
better liaison among the scientific people of the manu- 
facturers, suppliers, and users of such equipment. 

Users of scientific equipment are conscious of and grate- 
ful for the contributions of manufacturers of scientific 
equipment to our modern technology. Whether we call 
this the Scientific Age, the Atomic Age, or the Age of 
Technology, the important and key position of the makers 
of the tools and gadgets of science is self-evident. 


Help Your Associates 


OUR attention is directed to several changes beginning 

in this issue. We hope you like the new cover, the new 
headings, the new arrangement. The New Instruments 
Department now immediately follows the Editorial Page. 
This puts the “news” up front—and also puts the feature 
articles closer to the excellent feature articles in the 
Journals. Note the expanded pictorial coverage in every 
department of the magazine. 

Our thousands of readers know how important Instru- 
ments is to them. Our articles and news releases on new 
instruments and new literature are the basis by which 
all instrument men can keep abreast of the field of meas- 
urement and control in every important respect. , 

But we are constantly surprised still to find instrument 
men—men who use instruments of any type for measure- 
ment, inspection, testing, and control—who are not regu- 
lar readers of Instruments. Some of these men may have 
recently entered instrument work and therefore are not 
familiar with Instruments. Each of you can help your 
associates by pointing out how much can be learned from 
a year’s subscription to Instruments—indeed how vital 
this information is to any man who uses instruments in 
research, development, and production. 

In each issue is included a home-study course in elec- 
tronics that can be of greater value than the cost of a 
subscription—by a factor of many times. Each new sub- 
scriber receives the first Handbook of Measurement and 
Control and the Instruments Index, both of which have a 
value far exceeding the cost of a subscription. Tell your 
associates of the wealth of material that accompanies a 
subscription to Instruments. You will render a service not 
only to your associates but also to your organization if you 
will pass along the subscription cards, bound into this 
issue, to those who should be interested. —MHA 
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The Month 





's NEN 


INSTRUMENTS 


In this department we report each month new devices for measurement, inspection, testing, 
computing, metering and automatic control—in the form of concise technical descriptions. 


FOR FURTHER INFORMATION USE THE POSTAGE-FREE ORDER CARD ON PAGE 113 





Pressure Controller 


New “Pressure Pilot’ is compact non- 
indicating pressure controller for regu- 
lating control valves. Employs bourdon 
tube to measure pressure and flapper- 














and-nozzle arrangement to produce an 
air signal directly to valve. Features 
include accurate set-point adjustment. 
Control action can be changed from di- 
rect to reverse in seconds.—I/ndustrial 
Div., Minneapolis-Honeywell Regulator 
Co., Wayne & Windrim Aves., Phila- 
delphia 44, Penna. 
Mention No. 101 when filling out card. 





Photoelectric-system 
Controller 


New “CE2C Controller” protects 
photoelectric systems from giving false 
alarms when system voltage drops be- 
cause of lightning or other causes. 
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Re-establishes system operation when 
voltage returns to normal. Improves 
performance of all photoelectric pro- 
tective devices.—Sola Electric Co., 4638 
W. 16 St., Chicago 50, Jil. 

Mention No. 102 when filling out card. 





Synchronized Camera 
System 


New “Servo-Sync” camera-drive sys- 
tem synchronizes a series of motion- 
picture cameras, taking their pictures 





at the same time to close tolerance. 
Maximum shutter deviation of circular- 
rotating camera shutters is less than 1 
deg. Any number of cameras can be 
synchronized.—Photographic Div., J. A. 
Maurer, Inc., 37-01 31st St., Long Island 
City 1, N. Y. 
Mention No. 103 when‘filling out card. 





Oil-pressure Loader 


New panel-mounted remote oil-pres- 
sure loader manually controls oil pres- 
sure to devices normally operated auto- 





matically. Both automatically controlled 
and manually controlled pressures are 
indicated on gages; operator can avoid 
discontinuity by matching pressures be- 
fore switching modes of control. Stand- 
ard output is 0-60 psig. with oil supply 
pressure of 100 psig.—Askania Regu- 
er ae 240 E. Ontario St., Chicago 
11, Jil. 


Mention No. 104 when filling out card. 


Electronic Control Unit 


New “Autronic” miniature ‘all-elec. 
tronic process-control unit incorporates 
functions of proportion, reset, and 
rate-time (derivative)—with propor- 





tional band always in operation. All 
adjustments are readily made with 
screwdriver. Dials are calibrated on 
face. Doors have magnetic closure. 
Proportional band is from 2 to 200 
percent (wider ranges available). Re- 
set from 0.03 to 20 repeats per min. 
Rate-time is graduated from 0.05 to 
8 minutes with “off” position. Avail- 
able with or without built-in set-point 
scale. Input is a 0.0 to 0.5 volt a-c. 
signal from primary element. Controller 
amplifies and modulates input voltage 
for desired mode of control. Requires 
only 4.625 x 5 inches panel space. Plug- 
in feature makes it interchangeable 
without disconnecting any wiring.— 
The Swartwout Co., 18511 Euclid Ave. 
Cleveland 12, Ohio. 
Mention No. 105 when filling out card. 





Temperature Regulators 


New “Type UBA” self-operated tem- 
perature regulator is packless, single- 
seated, fully balanced, and hermetically 
sealed for reliable operation under ad- 
verse conditions. Dial adjustment on 





_ 


top provides visual control. Available 
in %, %, and % inch sizes for steam 
pressures to 150 psig., and control of 
temperature between 30 and 325 deg. 
F. Control can be applied over a 60- 
deg. F. range. Supplied with eight feet 
capillary tubing and 1-inch NPT con- 
nection.—F arris Stacon Corp., 610 Com- 
mercial Ave., Palisades Park, N. J. 
Mention No. 106 when filling out card. 








a3” ig 
tector 
trolle1 
mount 
coil m 
nico \ 
dust-t 
—Met 
Elects 


Men 


Ne 
comp: 
8 Ibs. 
be ro 

















Industrial Resistance 
Thermometers 


New line of resistance thermometers 
are for temperatures ranging from 
minus 100 F. to plus 300 F. Available 
in three basic types: “HP-11” is re- 
sistance-thermometer indicator; “HP- 








13” is two-position controller or pro- 
tector; “HP-14” is three-position con- 
troller. Each has either flush or surface 
mounting. All thermometers use crossed- 
coil moving element and 3.25-pound al- 
nico V magnet. Entire mechanism is in 
dust-tight, moisture-resistant assembly. 
—Meter and Instrument Dept., General 
Electric Co., Schenectady 5, N. Y. 


Mention No. 107 when filling out card. 





pH Meter 


New “Model N” pH meter is light, 
compact, and rugged. Weighs less than 
8 Ibs., complete. Electrode support can 
be rotated to permit instrument to be 





used in either horizontal or vertical 
position. Electrodes plug in side of case, 
permitting quick interchangeability. 
Covers pH range from 0 to 14; can be 
used at temperatures from freezing to 
boiling. Is accurate to 0.05 pH and has 
built-in temperature compensation.— 
Beckman Instruments, Inc., South Pasa- 
dena 47, Calif. 
Mention No. 108 when filling out card. 





pH Indicator and VTVM 


New line-operated pH indicator and 
vacuum-tube voltmeter is unaffected by 
normal fluctutations in line voltage or 
by zero drift of amplifier. Circuit em- 
ploys d.c. to a.c. conversion, a.c. ampli- 
fication, and conversion back to d.c. for 
voltage feedback. Conversion stabilizes 
zero; feedback stabilizes gain. Makes 
glass electrode measurements to within 
0.02 pH on grounded or ungrounded 
solutions. Continuous pH 0 to 14 scale 
eliminates range-changing. Tempera- 

























































VACUUM GAUGES 


2 Types 






McLeod Vacuum Gauge 





—Features— 


Tubes can be readily cleaned by direct mechanical 
operation where necessary, due to the unique con- 
struction of large openings directly in line with 
the capillary tubes. 

Scale range 30 microns—Smallest calibration .005 
micron. 

Direct reading logarithmic scale. 


Scales ruled on heavy white celluloid. 





Mounted on an all-metal heavy base. 
Complete as shown, but without mercury— 


EACH $170.°° 





No. 1453 








DIRECT READING - ECONOMICAL - 
SIMPLE TO USE-UNIQUE MAGNIFIED SCALE 


Absolute direct reading and instantly responsive to 
pressure variations. This gauge is particularly suit- 
able where economy or simplicity of equipment elim- 
inates the possibility of using differential gauges 
such as the McLeod type. It is superior to the U type 
manometer because of the magnification of the scale. 
One type is offered with a 6 to 1 magnification and 
another with a 9 to 1 magnification. This means that 
if you are attempting to measure the vacuum indi- 
cated by 1 mm. of difference in level on the ordinary 
closed U type manometer, this new gauge will point 
out a difference 6 mm. long (or 9 mm. long). Type 

A is 40 cm. high and Type B is 57 cm. high. 
a C. DUBROVIN ——— TYPE A table model, 20 mm. range, 
to 1 scale, without me Each, $42.00 
1481 E. DUBROVIN GAUGE TYPE B table model, 20 mm. range, 
9 to 1 scale, without me Each, $50.00 
— he DUBROVIN GAUGE TYPE A wall model, 20 mm. range, 
cale, without me Each, $42.00 


tas iS DUBROVIN GAUGE TYPE B wall model, 20 mm. range, 
9 to 1 scale, without mercury Each, $50.00 

















Also made from Pyrex brand tubing at the same prices. No. 1451C 


W. M. WELCH SCIENTIFIC COMPANY 


1515 SEDGWICK STREET, DEPT. B CHICAGO 10, ILLINOIS, U.S.A 
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RECORDING 
GALVANOMETERS 





The Century Model 210 Galvanometer 
has been designed and tested for the 
utmost in performance under any con- 
ditions. The unique small tubular type 
construction permits their installation in 
practically any type or make of photo- 
graphic recording oscillographs. These 
galvanometers are offered at low cost 
over a wide range of frequencies and 
sensitivities to satisfy most recording 
requirements. For additional informa- 
tion, write for our Catalog No. CGC 
206. 


Manufactured under Century Pat. 
2439576, also licensed by Kannes- 
tine Laboratories Patent 2149442. 


E(( 


px 
> 


CENTURY GEOPHYSICAL 
CORPORATION 


1340 North Utica: 
Tulsa, Oklahoma 


EXPORT OFFICE: 


1505 Race Street 
149 Broadway, N. Y. 


Philadelphia 


World’s Largest Manufacturer of 
Geophysical and Special 
Galvanometers 
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NEW INSTRUMENTS 











ture compensator is graduated from 0 
to 100 C. Automatic temperature com- 
pensation can be provided. As VTVM, 
external circuits can have up to 2000 
megohms resistance. Current drain does 
not exceed 1x10~-1!* ampere at null 
balance. Four voltage scales of 0 to 
700, -700, 1400, and -1400 millivolts 
are available for redox, potential, and 
polarized current measurements.— 
Leeds & Northrup Co., 4934 Stenton 
Ave., Philadelphia 44, Penna. 


Mention No. 109 when filling out card. 





Microcomparator 


New ‘“Micro-Ac” electronic micro- 
comparator reads in millionths of an 
inch and is designed for gage use. Con- 
sists of (1) induction-type gage head 
adjustably mounted on rigid stand, 
and (2) high-stability 4-tube amplifier 






with 2-scale meter. Amplifier is free of 
drift. Meter reads 0.000001 and 
0.000010 in. per div. Accommodates 
work of any height to 12% in. above 
top of standard anvils. Features in- 
clude 4-ounce contact pressure and re- 
placeable contact tip with overtravel 
protection.—Graham-Mintel Instrument 
Co., 735 Carnegie Ave., Cleveland 15, 
Ohio. 
Mention No. 110 when filling out card. 


Farm Scale 


New farm scale is designed for farm- 
weighing operations. Indicates true 
weight of any object up to 2500 pounds. 
Has large 15-in. dial and can be 
carried.—Dillon & Co., Inc., 5410 W. 
Harrison St., Chicago 44, Ill. 


Mention No. 111 when filling out card. 


Tape Recorder 


New “Model 307” magnetic tape re. 
corder, designed for telemetering in- 
strumentation, has frequency range of 








from 100 to 100,000 cps. Tape speeds 
are 60, 30, and 15 in. per sec.—Ampex 
Electric Corp., Redwood City, Calif. 


Mention No. 112 when filling out card. 





Vibration Analyzer 


New “Vibration Discriminator” meas- 
ures frequency and amplitude of vibra- 
tion. Signal from vibration pickup is 





ro is all 


analyzed electronically to give fre- 
quency and amplitude. Stroboscopic 
lamp, synchronized with vibration, lo- 
cates offending part. Calibrated tach- 
ometer circuit can operate stroboscopic 
lamp independently.—Lion Mfg., Inc., 
P.O. Box 1348, Columbus 16, Ohio. 


Mention No. 113 when filling out card. 


Flame Failure Safeguard 


New “System FP-4 Fireye” photo- 
electric flame failure safeguard instant- 
ly cuts off fuel and sounds alarm when 
flame fails. Consists of electronic con- 
trol “Type 26SJ5” and “Firetron Scan- 
ner Type 48PT1.” Scanner contains 
photoconductive cell that gives instan- 
taneous response to flame failure. Con- 
trol is housed in sturdy dust-tight steel 
case, and contains power supply and re- 
lay system. Fail-safe circuits assure in- 
stant shut-down on failure of any com- 
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TUBE FITTINGS 
CATALOG 


Every instrument man, process pip- 
ing man, designer, engineer, and 
purchasing agent should have this 
new Swagelok Tube Fittings Cata- 
log. It gives you at a glance, de- 
tailed, illustrated data on the com- 
plete line of Swagelok tube fittings 
in brass, aluminum, steel, stainless 
steel, and Monel. It’s your com- 
plete guide to economical, torque- 
free, leakproof joints in all instru- 
mentation and process piping 
lines. 


FREE — Send for Swagelok Cata- 
log B-151 today. Address Dept. 1 


* Patented 


CRAWFORD FITTING CO. 
884 E. 140th Street, Cleveland 10, Ohio 





SWAGELOK FITTINGS AVAILABLE IN: BRASS, 
ALUMINUM, STEEL, STAINLESS STEEL, MONEL 
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COME TO YOU COMPLETELY ASSEMBLED, 
FINGER TIGHT 











INDUSTRIAL 


RECORDING OSCILLOGRAPH 


FOR VIBRATION, TEMPERATURE, STRESS, STRAIN ANALYSIS 





MODEL 
408 
OSCILLOGRAPH 


The Century Model 408 recording oscillograph was designed expressly for airborne and 
mobile operation. As with all Century products, this oscillograph incorporates the utmost in 
design and workmanship, along with improved features, yet it remains simple in its operation 


and maintenance. 


FEATURES: 

Size: 20" long, 12'2” wide, 8%” high. 

Weight: 60 pounds. 

Number of Recording Channels: 6 to 50. 

Detachable daylight loading magazine ac- 
commodating a roll of paper or film 
8” x 200’. 

Friction roller type paper drive by governor 

- controlled electric motor with separate mo- 
tor for takeup drive. 


Paper speeds continuously and instantly var- 
iable without changing gears or sprockets. 


MODEL 
4a9 
OSCILLOGRAPH 


Separate optical system for viewing before 
or during recording. ~ 


Glow tube timing system photographing .01 
second and .1 second lines. .01 second 
lines instantly removable by toggle switch 
for slower speeds. 

Data numbering at beginning of record. 

Footage indicator showing amount of paper 
remaining in magazine. 

Automatic record length control. 

Trace identification. 

Remote control unit. 





The Century Model 409 oscillograph has been designed for recording data where space and 
weight requirements are limited. This oscillograph has been tested to record faithfully while 


subjected to accelerations up to 20 G's. 
FEATURES: 

Size: 5” x5” x 11”, 

Weight: 11 pounds. 

Cast Aluminum case. 


Paper speeds variable /2” to 12” per second. 


Detachable daylight loading magazine with 
a capacity of 356” x 50’ paper or film. 


2 to 12 individual channels. 
Trace identification. 


Trace viewing. 


For Complete Information Write 1340 North Utica 


GEOPHYSICAL CORPORATION 


TULSA, OKLAHOMA 


1505 Race Street 


Philadelphia, Pa. 


EXPORT OFFICE: 
149 Broadway, New York 
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Controlled 
dual heat—on 
in 5 seconds, off 
when you re- 
lease trigger— 
lets you adjust 
tip temperature for 
light and heavy instrument 
soldering. Precision balance, 
longer reach and tip construction 
ideal for delicate jobs. Rating up 
to 250 watts speeds heavy work. 
Time-and-power savings pay for 
your Weller Gun in a few months. 


250-Watt WELLER 
SS SOLDERING GUN 





~ 


—"s5 


_— 






Instrument 
Work 


© TRIGGER-SWITCH CONTROL—Ideal for 
intermittent work. No need to unplug gun 
between jobs. 

@ 5-SECOND HEATING — Nowaiting,no wasted 
current. 

© PRECISION BALANCE—Simplifies delicate 
work. 

© SOLDERLITE—Spotlights the work. 

@ LONGER REACH —Slides easily into tight 
spots. 

@ WELLERTIP—Chisel shaped for faster heat 

transfer. Over/under terminals brace tip for 

heavy duty. 

@ DUAL HEAT—Single heat 200 watts; dual 

heat 200/250 watts; 120 volts, 60 cycles. For 

all instrument soldering. 


See the 250-watt Weller Soldering Gun at 
your distributor, or write for bulletin direct. 
SOLDERING GUIDE—Get your new copy of 

“Soldering Tips’ —revised, up-to-date, 

fully illustrated 20-page booklet of 
practical soldering suggestions. 
Price 10c at your distributor, 

or order direct. 








WELLER 
ELECTRIC CORP. 


809 Packer Street, Easton, Pa. 
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ae 


ponent. Supply voltage is 115/208/230 
| volts, i 


50/60 cycles; load rating is: 
Burner Motor—*% hp., 115/230 v., 60 
cycles.—Combustion Control Corp., 77 


Broadway, Cambridge 42, Mass. 


Mention No. 114 when filling out card. 





_ Absolute Pressure Transmitter 


New “Atcotran” electromechanical 
transmitter consists of two opposing 
bellows connected to cantilever-beam 
spring and differential transformer. 





| One bellows connects to system to be 


measured; other bellows is absolute- 
pressure reference. Variation in at- 
mospheric pressure is compensated for 
by evacuated and sealed reference bel- 
lows. Available in 5 ranges between 
0-50 mm. mercury to 0-30 in. mercury. 
—Automatic Temperature Control Co., 
Inc., 5200 Pulaski Ave., Philadelphia 
44, Penna. 


Mention No. 115 when filling out card. 
Thin-film Step Gage 
New “Step Gage” accurately meas- 


ures thickness of thin films by means of 
color comparisons. Consists of glass 








plate with film of barium stearate jp 
series of steps. Each step is one micro. 
inch thicker than preceding one. When 
illuminated by white light, each step 
reflects a color determined by its thick. 
ness. Thickness of unknown film js 
found by comparison with colors on 
gage. Range is from 2 to 16 microinches, 
—Special Products Div., General Elec. 
tric Co., Schenectady 5, N.Y. 


Mention No. 116 when filling out card. 





Differential-pressure 
Controller 


New “Mercoid Diaphragm Differen- 
tial Pressure Controls” automatically 
open or close electrical circuits accord. 
ing to change in difference between two 
pressures or vacuums, air or gas. Two 





pressure chambers are separated by 
flexible diaphragm which actuates either 
one or two hermetically-sealed mercury 
switches. Various types are available 
in ranges 6.0-in. vac. to 6.0-in. press. 
and 30.0-in. vac. to 30.0-in. press. Each 
switch has load capacity of 20 w., 115 
or 230 v., a.c. or d.c.; 0.9 amp. at 24 
v. or less. Motor rating, 1/60 hp.—The 
Mercoid Corp., 4201 Belmont Ave., Chi- 
cago 41, Jil. 


Mention No. 117 when filling out card. 





Chronometric Tachometer 


New “Jaquet Speed Indicator’ is 
chronometric-type tachometer with ball- 
bearing spindle and extra scale divi- 

















Espe 
ing { 
meta 
const 


Thes 
cal 
mete 
not 
are 
mail! 
inert 
ing 







































: a | 
> micro. § | 
its | (Number ROUNDS: 
s thick | | with STRAIGHT Line | THESE ADVANTAGES 
Mm | 
lors a | Steel Type ! 
inches, § ! | 
il Elec. 1 
| 
wth ! OF SANBORN DIRECT WRITING 
, a | RECORDING SYSTEMS 
| 1 | ii 
| 2 
fferen. J | COMPLETE SYSTEM or SEPARATE COMPONENTS 
tically § | { Sanborn equipmeat? is available as complete 1-, 2-, or 4-channel 
-ccord. | i systems ready for/#se, or as separate instruments (Amplifiers, 
en A. 5 | Preamplifiers, aad Recorders), to be combined or integrated 
. | by the user with: other equipment. 
| | : 
| 
| . 2 fare produced with heated stylus on heat 
| i responsive, comfimious plastic coated chart paper. Elimination 
| | of ink per ‘among many advantages, use of the recorder 
ogra eeeefeeng aera in any posiignyge any angle, and ac high alticudes 
| Heavy Duty Steel Stamping Type. 
| On rounds, a wedge-shaped spacer gives a ! | RECTILIB 
| concaved stamping face. On concavities, } | Records a 
an extended wedge spacer gives a con- { | tangent 4 
| vexed stamping face. On flat surfaces, the B aan, eS . 
| tree ts used in a regular straight line or nT Wi ts s are used simultaneously. 
| Write for details and price list. ] HIGHT nN UE MOVEMENT . 
CO’ Y, | The wéiting acm is driven by a D’Arsonval moving coil gal- 
the | vanometer with an extremely high torque movement (200,000 
1 i dyne emis pet,cm deflection). Sensitivity 10 m.a./cm deflection. 
. WIDE CHOICE OF PAPER SPEEDS AND 
Be. e RECORDING CHANNELS 
ee ee eee ed as Basie choice..of 1-, 2-, or 4-channel models. Single channel 
| standard speed 25 mm/sec., slower speeds available. Two chan- 
nels, 10 speeds — 5 and 0.5, 10 and 1, 25 and 2.5, 50 and 5, 
d by 100 and 10 mm/sec. Four channel, eight speeds — 50, 25, 10, 
ither 5, 2.5, 1.0, 0.5, and 0.25 mm/sec. 
lable CODE & TIME MARKINGS 
Tess. . All models provide a means of inserting timing pips in the 
Each Se record once each second independently of the paper drive, 
| 115 8: and code-markings at will. 
Tm \|*SOLDERUX” ee INTERCHANGEABILITY 
Chi- oe Ready ifterchangeability of Amplifiers and Preamplifiers in 
INSTRUMENT ' all- Sanborn systems permits a wide variety of recording 


4. SOLDERING FLUXES . au: alr 


Non-Corrosive 
If your problem involves record- 


Especially recommended for soft solder- ing any phenomena (individually, 


2 : ; : . 
é ing fine wires and small parts of many or simultaneous recording of up 
’ is _— oe one ge chromel, WRITE FOR Secteinaiig: vou tt Ga temas 
E constantan, ckel, p r. " i t ideall ited ¢ 
ie | | ico SOLDERUX LIQUID | 
es vigorous action CATALOG ZS < 
MICO SOLDERUX CREAM Le 


GS 


for strong action 


MICO SOLDERUX PASTE 


for milder action 


These fluxes are unique in that chemi- 
cal action, so necessary in cleaning 
metals of oxides, grease, and dirt, does 
not begin until soldering temperatures 
are reached. When work cools, any re- 
maining flux subsides into a chemically 
inert material of low conductivity hav- 
ing non-hygroscopic properties. 

1 OZ. TRIAL JAR—50c 1-CHANNEL -  2-CHANNEL 4-CHANNEL 


MICO INSTRUMENT CO. usta 
86A TROWBRIDGE STREET 
CAMBRIDGE 38, MASS. DIVISION SANBORN, (). CAMBRIDGE 39, MASS. 
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use printed recordings 


The Ametron Electronic Scale 
records the accurate weight applied 
to the load cells by printing on tick- 


et, tape, or ledger sheet. 


The unit makes weighing easier, 
quicker and more exact. Being com- 
pact, installation is simple as com- 
pared with complicated lever systems. 
It eliminates problems encountered 
in maintenance because of accessi- 
bility of load cells and interchange- 
ability of cells and recorder compo- 


nents. 


The Recorder is a full figure step 
cam controlled mechanism. It in- 
cludes provision for multiple ranges 
to give increased capacity with high 


sensitivity and accuracy. 





Write for our booklet 
“The Way to Weigh" 


STREETER-AMET CO. 


4101 Ravenswood Avenue 


Chicago 13, Illinois 


Branches in Pittsburgh, Pa. and 
Birmingham, Ala. 
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sions. Guaranteed accuracy is 0.5 per- 
cent. Four models cover low speeds 
(0.02 rpm./div.) to high speeds (100,- 
000 rpm.) Indicators measure revolu- 
tions in periods of 3 and 6 sec., and are 
pocket size—Herman H. Sticht Co., 
Inc., 27 Park Pl., New York, N. Y. 


Mention No. 118 when filling out card. 





Cycle Controller 


New “Type E 304 Robatron” auto- 
matic cycle controller is particularly 
suited to industries where press “bump- 
ing” or “breathing” is essential. Push- 








button keyboards set up cycles in a few 
seconds. Includes operating pushbut- 
tons facing press operator, lockable 
keyboard cover at side, solenoid valve, 
and internal pressure switch.—Emmett 
Mach. & Mfg. Inc., 2249 14th St., 
Akron 14, Ohio. 


Mention No. 119 when filling out card. 





Servo Amplifiers 


Two new 400-cycle servo amplifiers 
feature hermetically-sealed, oil-filled 
packaging for greater heat dissipation, 
longer tube life, greater resistance to 
vibration and shock, and saving in 
space. Outputs are 9 watts at 115 volts 
and 3 watts at 30 volts. Type “SA104H” 
is for use in high-performance servo 








loops and incorporates a derivative cop. 
trol network. Type “SA112H” is fo 
use in analog-computer servo loops an{ 
is designed for velocity damping, fur. 
nished by tachometer generator.—Sery. 
omechanisms, Inc., Post and Stewart 
Ave., Westbury, Long Island, N. Y. 


Mention No. 120 when filling out card, 





Electric Stop Watch 


New “Lab-Chron” electric stop watch 
is said to be only unit of its kind where 





synchronous motor and timer count 
1/10 sec. to 9999.9 sec.; or in minute 
model, 1/100 min. to 999.99 min.—Lab- 
oratory Industries, Inc., 4710 W. North 
Ave., Chicago 39, Ill. 

Mention No. 121 when filling out card. 





Liquid Filter 


New synclinal type filters for sump 
or line installation on all hydraulic and 
low-pressure liquid recirculating sys- 
tems are available from 5 to 100 gpm. 
Choice of filter mesh from 30 to 200. 
75-gpm. filter is only 12.5-in. long with 
6.5-in. dia.—Marvel Engineering Co. 
625 W. Jackson Blvd., Chicago, IIl. 


Mention No. 122 when filling out card. 





Electronic Servomechanism 


New ‘‘Atcotran”’ electronic servo- 
mechanism remotely positions pointers, 
counters, cams, wheels, etc. with accu- 





racy. Employs null-balance differential- 
transformer system actuated by 2- 
phase motor. Has full-range rotation 























| = WANTED 


BOSTON AREA 


We are seeking an engineer 
who has shown ingenuity in the 
field of small electro-mechanical 
devices, switches, relays and the 
like, and who is able to analyze 
the electronic circuits in which 
they are used. 

The man who can satisfac- 
torily demonstrate his ability to 
us will qualify for the position 
of assistant chief engineer in 
our firm. Formal education is 
not important to us, but inge- 
nuity is. 

The man we want has a strong 
conviction that his future lies in 
a company of one hundred em- 
ployees or less where his work 
will be seen and will be appre- 
ciated. 

Our company, located in Bos- 
ton, is well established and pre- 
eminent in its field. Our em- 
ployees know of this advertise- 
ment. If you think you qualify, 
please telephone our advertising 
agency, Hancock 6-3565, who 
will arrange for an interview 
with our chief engineer, or write 
Box 205, Instruments Publishing 
ig ag Ridge Ave., Pittsburgh 
12; Pe. 














“the ‘bible’ of 


flow measurement” 


“PRINCIPLES AND 
PRACTICE OF FLOW 
METER ENGINEERING" 

by L. K. Spink 


New, greatly enlarged seventh 
edition of the book which, for 
over twenty years, has been 
used throughout the civilized 
world as the standard compre- 
hensive text on flow measure- 
Contains much new 
reference and instructional 


ment. 
material. 418 pages. 


$7.00 postpaid 


Send check, money order, or purchase 
requisition to 


THE FOXBORO COMPANY 
Foxboro, Massachusetts, U.S.A. 
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OSCILLOGRAPH 
GALVANOMETER 


No’s. 8001, 8002, 8003 and 8004 ink- 
writing galvanometers have sensitivities 
from 3.5 to 40 volts per cm., resonant 
frequencies from 15 to 120 cps., resist- 
ances from 1000 to 2000 ohms, frequency 
response up to 350 cps., and a single- 
jewel pivot construction. Units are de« 
signed for multiple operation up to 10 
channels in a total width of 12 inches. 






















DIRECT-COUPLED 
AMPLIFIER 


No. 8100 direct coupled amplifier has a voltage amplifica- 
tion of 13,000 with a maximum output of 70 volts. Fre- 
quency response from d.c. to 10,000 Pm mo is flat —_ 
10%. Input imped is 2 gohms; output i 

150 ohms. Input may range from 0.1 mv. to 100 be. 
Stability is better than 0.1 mv. per thirty minutes, or 0.5 mv. 
per day. Att tor is stepped for factors from 1 to 1000, 


iP 








OSCILLOGRAPHS 


Recorders can be supplied with 1, 
3 or 9 chart speeds ranging from 0.1 
mm./sec. to 250 mm./sec. See specifi- 
cations of OSCILLOGRAPH GALVAN- 
OMETER for frequency range. 





















OSCILLOGRAPH 
AMPLIFIER 


No. 8121 special emplifier has a time constant of 








1 second, an P Pp to a square 
wave at high gain, input imped of 1 gohm, 
and input form 0.1 mv. to 1000 volts. At low 
gain, No. 8121 b a DOC plifier with a 





voltage gain of 100 and an input of 10 mv./mm. 


HIGH-GAIN AMPLIFIER 


No. 8130 amplifier, has a voltage gain of 1,000,000 and 
includes a built-in pre-amplifier. Frequency response is from 
1 to 200 cps. Input may range from 10 microvolts to 100 
millivolts. This amplifier is particularly suited for Biological 
Studies. 

Many other types of recording and amplifier circuits are avail- 
able and special equipment can be assembled to meet particular 
specifications. 








EDIN COMPANY, INC. 
207 Main Street 
Worcester 8, Mass. 










Please send complete information on: 
[]) RECORDERS (J No. 8100 AMPLIFIER 
(J NO. 8121 AMPLIFIER (J No. 8130 AMPLIFIER 
() GALVANOMETERS 












SPECIAL (Enclose details) 









(NAME) 











(STREET) 





(NO.) 











(STATE) 






(CITY) 








POSITION 






COMPANY 
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Get Truscale 
For Accurate 
Liquid Level Indication 
Down Where 
You Can See It 











ERGUSON Truscale Gages are 

virtually indispensable protec- 
tion for boilers, storage tanks and 
processing eg A single 
error in reading liquid level can 
prove very expensive. Jerguson 
Truscale Gages forestall errors by 
bringing the reading down to eye 
level where your operator can see 
it and properly protect your equip- 
ment. 
Amazingly accurate, the Jerguson 
Truscale Gage records liquid level 
at remote points with accuracy as 
close as 14 of 1% of scale reading; 
has built-in adjustment for easy cali- 
bration for any specific gravity or 
W.S.P.; has standard ranges up to 
100”; internal moving parts of 
stainless steel; visible and audible 
alarm systems; illuminated dial; 
scale markings and pointer that 
glow in the dark; and is available 
with auxiliary repeaters. 
The new Jerguson catalog, pro- 
fusely illustrated, tells in compact, 
easy-to-read form how Jerguson 
Truscale Gages operate... and 
why they are the best and the most 
dependable for your remote reading 
needs. 


Send now for your copy of the 
new 8-page Jerguson Truscale 
Gage catalog. Write today. 





Cages and Valves for the 
Observation of Liquids and Levels 


JERGUSON GAGE & VALVE COMPANY 
100 Felisway, Somerville 45, Mass. 
Representatives in Mejor Cities 
Phone Listed Under JERGUSON 
In Europe: Bailey Meters & Controls, Ltd. 
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in 2, 4, or 10 sec.; instantaneous out- 
put shaft movement per change; dead 
beat non-cyclic response. Positions with 
accuracy of 0.2 percent full range of 
output shaft. Available in right and 
left hand assemblies.—Automatic Tem- 
perature Control Co., Inc., 5200 Pulas- 
ki Ave., Philadelphia 44, Penna. 


Mention No. 123 when filling out card. 





VTVM 


New “Model 215” vacuum-tube volt- 
meter has 7 d-c. and a-c. voltage scales: 
0-1.5, 3, 12, 30, 120, 300, and 1200 volts. 
Also peak-to-peak a-c. scale. D-c. input 





resistance is 10 megohms; a-c. is 30 
megohms with 150-uuf. shunt. Frequen- 
cy response is flat from 40 cps. to 3.5 
Mc. Ohmmeter has 7 scales from xl 
ohm to x1 megohm. Weight is 4.5 lbs. 
—The Hickok Electrical Instrument 
re 10519 Dupont Ave., Cleveland 8, 
10. 


Mention No. 124 when filling out card. 





Oscilloscope 


New “TEC Model T-601B” 5-inch 
oscilloscope provides Y-axis response 
within 3 db. from 2 cycles to 12 Me. 
at 10 millivolts rms. per inch deflection- 


sensitivity. Sweep generator provides 








either recurrent sweeps from 10 cycles 
to 100 ke. or triggered sweeps from 5 
to 105 microseconds. Phasing is pro- 
vided for 60-cycle sweeps; all sweeps 
may be synchronized to either positive 
or negative peaks. New features include 
front-panel availability of sweep saw- 
tooth and retrace pulses.—Television 
Equipment Corp., 238 William St., New 
York 38, N. Y. 


Mention No. 125 when filling out card. 


Pulse Generator 


New “Model 503 Fast-Rise Pulse 
Generator” produces rectangular pulse 
having rise time less than 10° ge¢, 
Width of pulse is controlled by ex. 
ternal “width” cable, and can be as 





short as 2x 10 sec. Pulse amplitudes 
from 0.1 to 100 volts, of either polarity, 
can be selected. Single pulse, controlled 
by external trigger, or internally con- 
trolled repetitive pulses, with rep. rates 
from 50 to 150 per sec. can be pro- 
duced.—Dept. I., Spencer-Kennedy Labo- 
ratories, Inc., 186 Massachusetts Ave., 
Cambridge 39, Mass. 


Mention No. 126 when filling out card. 





D-c. Amplifier 


New “Model 14 D.C. Beaker Ampli- 
fier” is claimed to have “lowest noise 
level and highest zero stability ... 
commercially available.” Furnished with 





input resistance from 5 to 100,000 ohms. 
Uses 8-cycle chopper. Noise level is 
within a factor of two of theoretical 
limit. Drift is less than 0.005 microvolt 
in 8 hrs. Has coarse and fine grain con- 
trols and two bucking zero-set controls. 
Weight is 40 lbs.—Liston-Becker In- 
strument Co., Inc., 20 Beckley Ave., 
Stamford, Conn. 
Mention No. 127 when filling out card. 





Low-resistance Ohmmeter 


New “Megger” low-resistance ohm- 
meter is completely self contained and 
has a range of 0 to 1000 and 0 to 
10,000 microhms. “Model 1 B” is bat- 


| 
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R C INTERVALOMETER 





MEASURED PRECISELY 1 


0.54 SEC. 
TO 
0.1 SEC. 


NELSON & STREET 


P.O. BOX 4342 TAKOMA PARK 
WASHINGTON [2, D.C. 














GREEN 
ENGRAVER 
Proved Profitable — 


Machine Tool, Radio, Electrical 
and Instrument Mfrs., Sales Pro- 
motion and Advertising. 





Fast, rugged, convenient—and inexpensive. 
The Green Engraver is tops for low-cost per- 
formance—zips out precision work on metal, 
Plastics or wood . . . cuts four lines of letters 
from 8/64” to 1” on curved or flat surfaces 
+ operates by tracing . - makes anyone 
an expert . .. engraves partis, name plates, 
scales, dials, molds, lenses and instruments. 
(Also widely used for routing, profiling, and 
three dimensional modeling.) Electric etching 
attachment available. 
Special attachments and engineering service 
available for production work. 


FREE—Fact-packed folder. 


today. 
GREEN INSTRUMENT CO. 


383-B Putnam Avenue 
Cambridge, Mass. 


Send for yours, 











THERE Is AN.EASY WAY 
To CONTROL VIBRATION 


The easiest way to solve your vibration problem is to put 
it up to your nearest Lord Field Engineer. He will analyze 
it and recommend the specific type of Lord Mounting 
necessary. By drawing upon complete data files of more 
than 27,000 Lord Mountings and their variations, it is 
probable that he can solve your problem from this reser- 
voir of available Lord Mountings. 





If your vibration trouble involves circumstances which 
have not been encountered before, your Lord Field En- 
gineer will work closely with you and with engineers at 
the Lord Factory to design the type of specific Lord 
Mounting most profitable to you. 

For immediate attention to your problem call or write fo 













BURBANK, CALIFORNIA CHICAGO 11, ILLINOIS DALLAS, TEXAS 
Joe B. Hartley Robert T. Daily Bruce O. Todd 
George E. Behlmer Kenneth L. Hanson 1613 Tower Petroleum 
233 South Third Street Perry C. Goodspeed, Jr. Building 


520 N. Michigan Ave. 
Michigan 2-6010 


DAYTON 2, OHIO DETROIT 2, MICHIGAN 
W. Webster Dalton Everett C. Vallin 
238 Lafayette Street 7310 Woodward Ave. 
Michigan 8871 TRinity 5-8239 


PHILADELPHIA 7, PENNSYLVANIA 
George P. Harrington 
725 Widener Building 

LOcust 4-0147 


PRospect 7996 


NEW YORK 16, NEW YORK 

Vincent Ellis 

Jack M. Weaver 

280 Madison Avenue 
Murray Hill 5-4477 


ERIE, PENNSYLVANIA 
Paul E. Dailey 


Tee weet Sore Street 
2-2296 


ROckwell 9-2151 
CHarleston 6-7481 
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m ° Water 
« Corrosive 
‘Solids 










e@ Manual or Automatic Con- 
trol and Quick, Tight Shut- 
Off 

@ Made of any metal or 
rubber-lined 

e Butterfly, Wafer Butterfly 
and Slide Valve Types, 
Threaded or Flanged 

@ Pipe sizes to 72’ and 
larger 


Fs 
10” heavy duty, rubber- 
lined steel butterfly valve 
for 90 p.s.i.; with air cyl- 
inder controller and aux- 
iliary clutch and hand- 
wheel. 


18” alloy steel butterfly 
valve for 1100° F. operating 
temperature; with air dia- 
phragm operator and valve 
positioner, 


Write for Catalog and “The Valve News” 


W. S. ROCKWELL COMPANY 


Slide and Butterfly Valves « 


264 Eliot Street 





Steam Traps ¢ Oil Burners 


Fairfield, Conn. 
















































Any phenomenon capable of being con- 
verted into an electrical quantity may be 
recorded against time by the Consolidated 
Recording Oscillograph. As many as 18 
separate channels of static or dynamic data 
can be recorded simultaneously ona single 
strip of photographic paper or film. The 
record magazine is driven by a dependable, 
governor-controlled Bodine Motor. 


The Consolidated Engineering Corpora- 
tion selected Bodine motors because “of 
satisfactory performance of Bodine motors 
in an earlier type oscillograph...superior 
quality and conservative design...no re- 
ports of Bodine motors failing in service 
...fine co-operation and ability of sales 
and engineering staff?’ 

The right motor can add sales appeal 
and customer satisfaction to your product. 
It will pay you to consult Bodine engineers. 








Bodine Electric Co., 2244 W. Ohio St., Chicago 12, Ill. 








THE POWER BEHIND THE LEADING PRODUCTS 
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' bridge sine-wave oscillator. 
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tery-powered set which employs 2 “4 
FH” dry cells, or equivalent. ‘Model 
1R” is a-c. operated. Weight is about 
19 lbs.—James G. Biddle Co., 1316 
Arch St., Philadelphia 7, Penna. 


Mention No. 128 when filling out card. 





Low-frequency Oscillator 


New “Model 400-A Ultra-Low-Fre- 
quency Oscillator” provides sine and 
square-wave voltages at any frequency 





between 0.009 and 1,100 cps. Uses RC- 
Features 
include low hum and distortion, excel- 
lent amplitude constancy, and single- 
scale logarithmic dial with vernier.— 
Krohn-Hite Instrument Co., 580 Mass- 
achusetts Ave., Cambridge 39, Mass. 


Mention No. 129 when filling out card. 





Dual Regulated Power 
Supply 
New “Model D6” heavy-duty supply 
provides two regulated outputs variable 


from 0 to 600 v. at a max. current of 
200 ma. each, with regulation better 


than 0.5 percent and ripple less than 
10 mv. Knob combines two outputs to 
give max. output of 400 ma. Other out- 
puts are 6.3 v. a.c. at 10 amp. center- 
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tapped, 650 v. d.c. unregulated with 
Jess than 2 volts ripple, 0 to 150 v. d.c. 
at 5 ma. variable and stabilized. Volt- 
meter and milliameter monitor outputs. 
—Oregon Electronic Mfg. Co., 2232 E. 
Burnside St., Portland 15, Ore. 


Mention No. 130 when filling out card. 





Voltage Regulator 


New “Rocking Contact” voltage regu- 
lator for small a-c. generators is avail- 
able in two ratings—“‘Type V-00” has 
$4-step commutator; “Type 221” has 


emt 


peengeene F 
YY 


10 ee 
aee ritt ry 








50 steps. Former has max. rating of 
157 kva. at 3600 rpm., latter is 438 kva. 
at 3600 rpm. Has built-in voltage-ad- 
justing rheostat and is dust-proof. 
Hunting is prevented by damping sys- 
tem. Rocking contact maintains con- 
stant generator voltage by changing 
resistance in exciter shunt field circuit. 
—Allis-Chalmers Mfg. Co., 942 S. 70th 
St., Milwaukee, Wis. ; 
Mention No. 131 when filling out card 





Beta-ray Applicator 


New instrument contains Strontium- 
90 radioactive isotope for treating corn- 
eal ulcers and other eye conditions. 
Rays penetrate flesh only to depth of 
3.9 mm. so that delicate inner structure 
of eye is not endangered.—Tracerlab, 
Inc., 180 High St., Boston 10, Mass. 


Mention No. 132 when filling out card. 





Gamma Radiation Meter 


New “Model AH Gammometer’” has 
ranges of 0.1 microcurie, 1 microcurie, 
10 microcuries and 100 microcuries of 
radium. Can be calibrated in milliroent- 
gen per hour. Precision is 1 percent 
full scale: calibration accuracy 4s 5 
percent. Consists of cell box and indi- 
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The control console 





6 
A bank of 84 Struthers- Dunn Type 
112XAX relays that control indicating |; 
lights corresponding to the alarmcode. = { 


432 S-D relays 
help Philadelphia report “Fire!”’ 


in 8 seconds 


In 8 seconds after the alarm box lever has been 
pulled, the Quaker City’s new fire reporting system 
receives alarms from 3200 local boxes and dispatches 
them to the proper fire house and its alternates. De- 
signed by Philadelphia Electrical Bureau engineers, 
this intricate installation—the most modern of its 
kind in the world—uses 432 standard Struthers-Dunn 
relays. Since July 1949, these relays have been in 
constant service and not one has required adjustment, 
cleaning or service of any kind. 


STRUTHERS DUNN 


STRUTHERS-DUNN, INC., 150 N. 13th ST., PHILADELPHIA 7, PA. 


BALTIMORE @e BOSTON e BUFFALO @e CHARLOTTE e CHICAGO e CINCINNATI 
CLEVELAND e@ DALLAS e@e DETROIT @ KANSAS CITY @ LOS ANGELES 
MINNEAPOLIS @e MONTREAL @ NEW ORLEANS @ NEW YORK e@ PITTSBURGH 
ST. LOUIS @e SAN FRANCISCO e SEATTLE @ SYRACUSE @ TORONTO 
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NOW!’ ELECTRO-TECH’S 


ONE SOURCE OF SUPPLY 


OF F. TH ES H E IF for all kinds of ELECTRICAL 
o- METERS, INSTRUMENTS and 
INDUSTRIAL CONTROLS 

No need to hold up pro- 

duction for lack of a 

meter, controller or other 


instr«ment! Electro- 
Tech’s warehouse is bulg- 


can AYA TZ months ing with panel meters, 


solenoids, transformers, 


on | our Sc h 4 d Uu ( @ rectifiers, timers, counters 


and every other kind of 

cA meter and control device. 
,—~—S Plus—complete laboratory 
om facilities to convert, repair 

and re-scale stock meters 


and instruments to fit 
your needs, 


© SIMPSON 

ON 
UTHERS-DUNN 
Oo SWITCH 
PERIOR ELECTRIC 
NERAL ELECTRIC 
© WHEELCO 

— and others 








FREE! Write today for the big, 
useful Electro-Tech BUYER'S 
GUIDE. 

ELECTRO-TECH 


EQUIPMENT COMPANY, Dept. 1-2 
308 Canal Street, New York 13, N.Y. 


PRECISION 
INSTRUMENTS 


For on illustrated description of how PERMOPIVOTS are made, 
ask for the PERMOPIVOT booklet... Free on request. 
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NEW INSTRUMENTS 


SS Sa a 
eator unit. Cell box contains electrom. 
eter tube and new “Ohmart” cell which 
converts radioactive energy directly ip. 
to electrical energy. Thus no high-volt. 
age ._power supply is required.—The 
Ohmart Corp., 2347 Ferguson Rd., Cin. 
cinnati 38, Ohio. 


Mention No. 133 when filling out card, 


Glass Dosimeter 


New colorless glass containing dis. 
solved silver remains unchanged in 
appearance under ordinary light, but 


reveals extent of exposure to X or 
gamma rays by amount of orange fluo- 
rescence emitted when viewed under 
ultraviolet. Is sensitive to small amounts 
of radiation—as low as 10 roentgens.— 
Bausch & Lomb Optical Co., 685 St. 
Paul St., Rochester 2, N.Y. 


Mention No. 134 when filling out card. 


Proportional Counter 


New “Model PC-2B” alpha-beta-gam- 
ma proportional counter counts soft 
betas. Counts betas in presence of al- 
phas without absorbers, and alphas in 
presence of betas. Specifications include 


—background: alpha 5 c/hr.; beta 45 
c/m; geometry: 2 pi for alpha and 
beta; resolution loss: 1 percent per 100,- 
000 c/m; maximum counting rate: 
15,000 c/m; plateaus: alpha, 1000 v. to 
1300 v.; beta 1600 v. te 1900 v; regis- 
ter: six-digit with reset.—Nuclear 
Measurements Corp., Indianapolis 18, 
Ind. 


Mention No. 135 when filling owt card. 
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Particle Accelerator 


New particle accelerator of ‘“Cock- 
roft-Walton” type operates at voltages 
up to 250 kilovolts and produces intense 
beam of charged particles. Delivers 
focused beam concentrated in a circle 





smaller than 1 mm. diam. Beams of 
larger area may be obtained. R-f. ion 
source operates with hydrogen, deu- 
terium, helium, argon, and xenon. Ac- 
celerating system is horizontal, 10-feet 
long, and is mounted on wheeled car- 
riage. Requires no special building fa- 
cilities and may be operated in a room 
12-ft. wide by 18-ft. long. Vacuum sys- 
tem produces equilibrium vacua of bet- 
ter than 10°° mm. mercury with no 
beam, and 3 x 10°86 mm. mercury with 
beam.—American Instrument Co., Inc., 
Silver Spring, Md. 
Mention No. 136 when filling out card. 





Bolt Extensometer 


New bolt extensometer, for tensional 
tests of bolts without influence of shift- 
ing of grips or seating of specimen, 
contacts center of ends of bolt to meas- 





ure elongation. Extensometer moves 
core of strain-follower ‘‘Microformer”- 
type variable miniature transformer. 
Electrical impulse is amplified to drive 
& servo motor, which moves core of re- 
corder “Microformer.” Extensometer 
has magnifications of 12.5, 25, and 50 to 
1.—Baldwin-Lima-Hamilton Corp., Phil- 
adelphia 42, Penna. 
Mention No. 137 when filling out card. 





Electron Microscope 


New “Model WT-1” is Japanese-made 
electron microscope of magnetic-field 
type. Specifications include resolving 
Power of 50 Angstroms; magnification 











Typical Bendix 
14-band Telemetering 
Receiving Station. 
Other standard 
component 
configurations can 
provide for reception 
of fewer subcarrier 
bands, or 
decommutation of 
up to 27 channels 
can be added. 


Write for complete 


information 





te 
Load 
its 
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"Bendix - Pacific 
FM/FM TELEMETERING 
RECEIVING STATIONS 


Advanced engineering features in this new equipment com- 
bine to produce the highest degree of reliability, accuracy 
and ease of operation in the reception and recording of 
telemetering signals. 

The stations receive frequency-modulated radio signals 
employing continuous or commutated subcarriers. Any of 
the 18 standard subcarrier oscillator bands are available and 
a maximum of 14 continuous subcarriers can be received 
and recorded simultaneously by means of standard plug-in 
assemblies. Up to 27 signal channels can be separated from 
commutated subcarriers with each signal being recorded as 
a continuous trace. Reliability is assured by circuits which 
maintain synchronization even in the presence of noise or 
failure of an individual telemetering channel. 

The equipment is designed to provide long life under con- 
tinuous operation. Special attention has been given to ease 
of operation and service in the field. 


“Pa cif c 


Division 


Bend < Aviotio 
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NEW INSTRUMENTS 





of 100,000X (max. overall); beam cur- 



















































rent of 10 to 100 ua. Specimen chamber co 
is airlock type. Time for changing sii 
specimen is 2 to 3 min. Camera is 
85x65 mm. Triplet. Power source is 
100 v., 50 to 60 cps.—Electro-Physics 
Co., 287 Broadway, New York 7, N. Y. 
Perm Mention No. 138 when filling out card. 
Magnet p b Flame Phot r 
Can Re Sim | ro lems omete 
p e. a If Y New photometer for analysis of sodi- 
os Ou Have s um, potasium, calcium, and lithium has 
VA Qualit M e accuracy of 0.5 percent. Completely 
y agnets sealed combustion system, using city 
Prompt Delj gas and compressed air, eliminates © 
ened ivery contamination from laboratory. Sample ; re 
Plete Engi : TT eet ee i ga 
. neerj 4 5 
vs ervice ing ee 
For 49 agg Cost Ni 
facilities to precios & Skinn 
Magnet pr hea the answer pa nes 8€ared its 
S hy Not let Th, all Permanent 
With you in the d omas & Skinner ; 
calf wanent magnet fn and prod Haeineers work 
US today, OF your applications the righs ai 
THOMA eed fr 
sivas ne SKINNER — s,.., Sia 
magnets and lamineted poy magnetics: 
‘s ’ 
is atomized by compressed air jet and 
burned with illuminating gas. Flame 
THOMAS & SKINNER Steel Products Company saadonsl ovle ae daueer tie Oe ae 
1120 East 23rd Street - Indianapolis, Indiana cells. Operator reads potentiometer set- 
ting and determines element concen- 
tration by near-linear calibration 
curves. Precise filters are available for 
research work in lithium, sodium, and 
calcium.—Baird Associates, Inc., 33 
University Rd., Cambridge 38, Mass. 
Mention No. 139 when filling out card. 
Pneumatic eet 
New “Electrolimit Internal Clear- | 
- ance Comparator, Lever Type” gages 
W J ht precision instrument-type _ bearings. | gai 
e g Handles bearings from 3/32 to % in. wh 
: : ati 
T itt sul 
ransmiirers (5 
cor 
me 
che 
spr 
Co 
h 
FOR LINEAR CONVERSION OF WEIGHT INTO 
POUNDS PER SQUARE INCH AIR PRESSURE 
A complete line of weight transmitters in single and multiple dia- } 
phragm construction with load capacities up to 23,000 pounds per ~~ 
diaphragm. Pneumatic tare balance for any portion of the total load ing 
on all models. All moving parts are enclosed totally. Complete weigh- 
ing systems designed to your requirements. alli age 
bore. = ne Le with arbor 
holds bearing vertically by inner ring. 
WRITE FOR CATALOG Diamond-tipped gaging spindle bears 
against outer bearing ring. Difference 
between two readings represents 
JOHN R. MONSELL amount of radial clearance in bearing 
Manufacturing Engineer assembly.—Pratt & Whitney, Div. of 
. Niles-Bement-Pond Co., West Hartford 
Pitman, N. J. 1, Conn. 
Mention No. 140 when filling out card. 
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Stopcock Adapters 


New stopcock adapters in 3 sizes 
cover range from 2 mm. to 15 mm. De- 
signed for laboratory technicians who 





require pressure stopcocks for burets, 
gas sampling, etc. Manufactured of 
corrosion-resistant materials, adapters 
eliminate special pressure stopcocks.— 
Emil Greiner Co., 20-26 N. Moore St., 
New York 18, N. Y. 

Mention No. 141 when filling out card. 





Shut-off Valve 


New shut-off valve for pneumatic 
and hydraulic systems cuts out gages 
from system when pressure goes hevond 





gage limit, and opens gage to system 
when pressure is again within oper- 
ating range. Available for low pres- 
sure (30 to 300 psi.) and high-pressure 
(500 to 5000 psi.). Compression spring 
controls shut-off point. Minor adjust- 
ments can be made by screw; major 
changes by replacing compression 
spring.—Sprague Engineering & Sales 
Corp., Gardena, Calif. 
Mention No. 142 when filling out card. 





Four-way Valves 


New “Crescent” line of 4-way valves 
features continuous fast cycling, up to 
600 cycles per min. without over heat- 
ing. Solenoid controls pilot valve which 



















{ i 


a: i ii mer 
THE HATHAWAY SC-16A SIX ELEMENT 


RECORDING CATHODE-RAY 
OSCILLOGRAPH 





NEW HIGHS IN RESOLUTION are obtained by this new 
oscillograph because of its unusually HIGH FREQUENCY 
RESPONSE and HIGH CHART SPEED...designed for record- 
ing fast transients and continuous phenomena. 


FREQUENCY RESPONSE 0 to 200,000 cycles per second 

RECORDS up to 1000 ft. long at speeds up to 600 inches per second 
RECORDS up to 10 ft. long at speeds up to 6000 inches per second 
WRITING SPEED as high as 5,000,000 inches per second 


Note these additional unusual features. 


@ SIX ELEMENTS with convenient interchangeable lens stages for 
1, 2, 3, or 6 traces on full width of chart. 

@ INTERCHANGEABLE RECORD MAGAZINES for CONTINUOUS 
RECORDING on strip chart, either 6 inches or 35mm in width up to 1000 
feet in length, DRUM RECORDING for short, high-speed records, and 
STATIONARY CHART for very short transients. 

@ PRECISION TIMING EQUIPMENT, tuning fork controlled, for 
1-millisecond or 10-millisecond time lines. 

@ Crystal-controlled Z-AXIS MODULATION for 1/10 millisecond 
time marks. 

@.QUICK-CHANGE TRANSMISSION for instantaneous selection of 16 
record speeds over a range of 120 to 1. 

@ AUTOMATIC INTENSITY CONTROL. 

@ CONTINUOUS SWEEP OSCILLATOR which permits viewing as well 
as recording. 

@ Single-pulse LINEAR OSCILLATOR for recording transients on 
stationary film. The record can initiate the transient to be recorded, or the 
transient can initiate the record. 


my §6Each recording element is a complete unit, fully housed, 
which can be instantly inserted or removed. Recording 
element contains high-intensity cathode-ray tube, and 
both AC and DC amplifiers. Control panel is located on 
outside end. 


FOR FURTHER INFORMATION, WRITE FOR 
BULLETIN 2. G-I-H 








tA 
INSTRUMENT COMPANY. 


1315 SO. CLARKSON STREET ¢ DENVER 10, COLORADO 
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force measuring system 


uses 


HEISE GAUGES 


@ EXTREME ACCURACY 
o @ STABILITY 


@ SERVICE 





The Emery Hydraulic Weighing System measures 
forces in materials testing machines, in testing jet en- 
gine thrust and dynamometer torque, and in other 

ial force problems. In these exacting applications, 
Hei eise Bourdon Gauges indicate loads to an persecy of 
VY of 1% of capacity. - 

Heise Gauges are used in many iadustied for pre- 
cise measurements of pressure. Custom-built in pres- 
sure ranges from 0-15 e 0-10,000 psi. Sizes: 814”, 12”, 
and 16” diameter. Prices. from $151.60 to $211.20. 
Write for catalog. 





Heise Bourdon Tube Company, Inc. - | 
Newtown, Connecticut 





RELAYS acd TIME SWITCHES 


Gwe 


Ruggedly constructed to exacting 
specifications that are carefully en- 








of Diamon 








vality 











Open Type 






“Can” Type c - 

With Plug-in gineered to provide ample safety fac- 
Tube Base tor ... quality all the way through! 

A. C. or D.C. Automatic’s relays are not built to 








a price but to an unexcelled standard 


Midget Relays 
of performance. That’s why they are 


Dual Purpose 









Relays the choice of so many ‘big name”’ 
Delayed manufacturers. 

“Make” or “Break e engineer and build a wide vari- 

Automatic ety of stock model relays for practi- 





Circuit Control 
“Current” and 
“Potential” Relays 






cally all applications. A staff of com- 
petent engineers will design and build 
relays to fit your requirements. 

Stock models or custom built, ev- 
ery relay we manufacture will deliver 
the same dependable performance 
that has made the ‘“‘Diamond Seal” 
line the choice of those who measure 
quality by performance. 


TIME SWITCHES — Equipped with 
Synchronous Self-Starting Motors 
and Silver Contacts. 


For any load, for every installation, 
look to Automatic for the finest in 
Time Switches and Interval Timers. 


Ahutomatte VALU NEG. CO. 


58 STATE STREET - MANKATO, MINN. 
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controls ports to cylinder. Valve sizes 
are %, %, % and % inch for single- 
and dual- -pressure operation on air, 
water, or oil from 0 to 150 psi. A-c. and 
d-c. solenoids available—Barksdale 
Valves, 1566 E. Slauson Ave., Los An- 
geles 1, Calif. 
Mention No. 143 when filling out card. 





Flow-control Valve 


New flow-control valve, for air and 
hydraulic cylinder speed-control is 
made with “Dryseal” pipe threads to 
eliminate leakage at connection. Valves, 
incorporating floating ball check, are 
available in 5 sizes—%, 4%, %, %, 
and % in.—Pneu-Trol Devices, Inc., 
3122 N. California Ave., Chicago, IIl. 


Mention No. 144 when filling out card. 





Mercury Trap 


New “Mercureceiver” traps mercury 
blown from manometers and achieves 
equilibrium readings in 10 sec. or less. 
Also dampens surges, filters actuating 





media, and prevents loss of mercury. 
Made of moly or stainless steel. Porosity 
HX membrane prevents passage of mer- 
cury from manometer at pressures un- 
der 17 psi. Upstream side has porosity 
E membrane to prevent entrainment of 
mercury in effluent gas or liquid and to 
filter actuating media.—Chemiquip Co., 
6 E. 97th St., New York 29, N. Y. 


Mention No. 145 when filling out card. 





Plastic Drawing Board 


New portable drawing board is 
molded from lightweight Bakelite sty- 
rene plastic. Size is 9.75x 12.25 in. 
Four corner clamps attach 8.5x 11 pa- 
per. Two metal straight edges, one 
vertical and one horizontal, are retract- 
able so that triangles can be moved 
over all four edges of paper.—A. Par- 
trick Co., 9 Grove St., Westwood, N. J. 


Mention No. 146 when filling out card. 
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Instrument Winder Crank 


New “Winder-Upper” crank is made 
in three types—key end and crank, 
torque chuck with a slip-grip, and brace. 





All are chrome plated and eliminate 
discomfort of keys.—J. A. Campbell Co., 
645 E. Wardlow Rd., Long Beach 1, 
Calif. 

Mention No. 147 when filling out card. 


Shaft Lock 


New adaptation for locking shafts at 
a desired setting is now available on 
dual-concentric controls. Allows re- 








placement of two panel units requiring 
locked semi-permanent settings and re- 
quires one-half panel space of two 
single units.—Clarostat Mfg. Co., Inc., 
Dover, N. H. 


Mention No. 148 when filling out card. 





Thermal Timing Relay 


New “Model 207”  sealed-in-glass 
miniature thermal relay is hermetical- 
ly sealed in T-5% glass envelope with 
miniature button 7-pin base. Weight is 
% ounce. Delay periods from 5 to 120 
sec. Heater voltages are 6.3 v., 27.5 v., 
and 115 v. a.c. or d.c. Contacts are 
rated at 2.5 amp. 125 v. ac. or 1.0 











PULSE GENERATOR 


DESCRIPTION: The Berkeley Model 903 Double Pulse Gen- 
erator is a general-purpose laboratory instrument that produces 
either single or paired pulses. Pulses are individually variable 
in width, amplitude, and spacing. Pulse polarity is individually 
selectable. Separate connectors provide impedance levels of 50 
or 1,000 ohms for each pulse output. 


SPECIFICATIONS 
° er a ea Positive or negative as shown below 


RISE TIME cal DECAY TIME 
[ress sec 


0.035 ww SEC 
' 
AMPLITUOE ! om PULSES " 
0+ +50 ig "eae 200 V | 
1000 | output 


-——— citer gps 








pana —y -» —_ 
PULSE WIDTH OF BOTH 
PULSES, VARIABLE 
0.10 © 1.84 SEC 


¢ REPETITION RATE: Internally or externally controlled, 1 
to 1,000 cycles. Push button single cycle. 

¢ CALIBRATION ACCURACY: Separation dial, +5% over 
entire range. 


e INPUT POWER: 105 to 125 volts, 60 cycles, 90 watt. 

¢ DIMENSIONS: 1414,” x 93/,” x 103/44”; panel, 8” x 13”. 
e NET WEIGHT: 1814 lbs. 

e PRICE: $440 F.O.B. factory. 


TYPICAL APPLICATIONS: Checking characteristics of high- 
resolution electronic circuits, gates, switches, wide-band _ampli- 
fier, measurement of resolution time of counting circuits, etc. 


COMPLETE INFORMATION is yours for the asking; please 
request Bulletin 903-1. 


2200 WRIGHT AVENUE e RICHMOND, CALIFORNIA 


January 1952—Instruments—Page 49 














Ideal for second operations or experi- 
mental work on small instrument 
parts where sensitivity is required. 
Releases expensive, larger lathes for 
more suitable work. Full line of 
accessories available. 


SAY GOODBYE 


TO BIG PROBLEMS 
WITH SMALL PARTS 


INVESTIGATE 

[E VIN 
PRECISION 
JEWELER’S LATHES, 
ACCESSORIES AND 
MICRO-DRILL PRESSES 


SEND FOR 
COMPLETE CATALOG 


An extremely sensitive drill press for very 
small drills down to .002”. Drills held in 
accurate collets to minimize deviation. 
Spindle run-out less than .0001”. Finger 
tip control enables operator to feel 
progress of drill. 


’ LOUIS LEVIN & SON, INC. 
788 E. Pico Bivd., Los Angeles 21 























FOR MEASURING TANK 
CONTENTS ANY DISTANCE AWAY 






SEND FOR 
BULLETIN 
945 

















470 GETTY AVENUE @ PATERSON, N. J. 
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amp. 125 v. d.c. Ambient compensated 
from minus 60 to plus 85 deg. C.— 


Thomas A. Edison, Inc., West Orange, © 


N. J. 
Mention No. 149 when filling out card. 





Time-delay Switch 


5 aNT 


New time-delay control switch for 


electric solenoid valve controls used 
with air or hydraulic cylinders, per- 
mits time dwell from % to 10 seconds, 
Time-delay adjustments are made by 
knurled adjustment screw, which moves 
switch position in relation to piston 
lever arm.—Pneu-Trol Devices, Inc., 
1436 N. Keating, Chicago, IIl. 


Mention No. 150 when filling out card. 





Hi-voltage Capacitors 


New “Type SI-TV” high-voltage tub- 
ular ceramic capacitors are high-Q 








6000-v. capacitors available in eleven 
capacitance values from 4.7 to 47 uuf. 
—Aerovox Corp., New Bedford, Mass. 


Mention No. 151 when filling out card. 





Mercury Thyratron 


New “Mercury Thyratron MT-1530” 
is rugged grid-control tube with shielded 
cathode structure and long life. Fila- 





ment requires 5.0 v., 30 amp. Peak 
anode voltage is 15,000 volts (forward 
and inverse). Max. plate current is 100 
amp. (peak), 15 amp. (average) and 
1500 amp. (0.1-sec. surge).—Sheldon 
Electric Co., Div. Allied Electric Prod- 
ucts, Inc., New York, N. Y. 


Mention No. 152 when filling out card. 





Coupling Capacitors 


New “Type 502C Shirt-stud” capaci- 
tor is tiny %-in. diam. ceramic capaci- 
tor. Available up to 22 uuf. at 500-v. 
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PHYSICISTS 
AND 


SENIOR RESEARCH 


ENGINEERS 


POSITIONS NOW 


OPEN 


Senior Engineers and Phys- 
icists having outstanding aca- 
demic background and ex- 
perience in the field of: 


Microwave Techniques 
Moving Target Indication 
Servomechanisms 
Applied Physics 
Gyroscopic Equipment 
Optical Equipment 
Computers 

Pulse Techniques 
Radar 

Fire Control 

' trcuit Analysis 
Autopilot Design 
Applied Mathematics 


Electronic Subminiaturi- 
zation 


Instrument Design 
Automatic Production 
Equipment 

Test Equipment 

Electronic Design 


Flight Test Instrumenta- 
tion 


are offered excellent working 
conditions and opportunities 
for advancement in our Aero- 
physics Laboratory. Salaries 
are commensurate with abil- 


ity, 


experience and back- 


ground. Send information as 
to age, education, experience 
and work preference to: 


NORTH AMERICAN AVIATION, INC. 


Aerophysics Laboratory 
Box No. R-4 
12214 South Lakewood Bivd. 


Downey, Californic 


cero rrr or or re Coo reo oe oe 
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Here’s why those in the know 













—demand 


Long rubber bushing 
lines clamp and shell. 
Serves as cable relief, 
gives better insulation. 





Molded rubber sleeve for moisture 
seal. Protects cable entry. 


Flat top of steel shell assures 
correct polarization with 
finger touch action. 







New type thumb latch 
lock gives smooth 
action in or out. 


Both socket and pin 
contacts machined from 
solid brass, gold plated. 
Hand tinned solder cups, 


Rubber cushion at mating face improves 
moisture protection and insulation. 


Spring-loaded insert retainers provide 
easy insert removal. 


The Cannon Electric UA Plug was designed to 
answer the R. M. A. request for the ideal audio 
plug. It is the w/simate in a quick disconnect for 
low level sound and related circuits. Incorporat- 
ing a wealth of design and construction know- 
how resulting from Cannon’s many years of 
pioneering in this field, the Type “UA” Series 
typifies the close attention to important detail 
that distinguishes every type of Cannon Plug— 
the world’s most complete line. The UA Series 
is sold through selected franchise distributors. 
Engineering bulletins sent free on request. 





The Cannon UA Series consists of 2 plug types and 5 
receptacles, all having 3 gold-plated contacts for 15 amp 
service. Socket contacts are full-floating. The ‘‘G’’ contact 
engages first, breaks last for ‘‘no noise’ grounding or 
shielding purposes. 


CANNON ELECTRIC 


Since 1915 


CANNON ELECTRIC COMPANY, LOS ANGELES 31, CALIFORNIA 


Factories in Los Angeles, Toronto, New Haven. Representatives in principal cities. 
Address inquiries to Cannon Electric Company, Department A-180 P. 0. Box 75, 
Lincoln Heights Station, Los Angeles 31, California. 
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Clean, D 





Model B-30 
HAN KISON 


ComyanetsOt 


—for Operating Instruments! 


ry 


ondernsifilter 


For maximum protection of air-operated 
instruments against oil, water, sludge 
and foreign materials, the New Hankison 
Model B-30 Condensifilter features a 
dehydrating device—a mechanical filter 
—and a self-purging trap in a single 
compact unit. Only 15” high and 9” in 
diameter, this unit will clean and dry 
compressed air at the rate of 30 c.f.m. 
at 100 psi. Larger models available for 
greater capacities. 

To add long life and trouble-free serv- 
ice to your air-operated instruments— 
specify B-30 Condensifilters for your 
requirements. 


Write today for Bulletin B-30. 


HANKISON Corporation 


291 Renton Bidg., 1501 Beaver Ave. 







Pittsburgh 33, Pa. 








Completely Accessible 


from operating surface 


9 


AUTOMATIC OSCILLOGRAPH RECORDER 


Affording complete accessibility from op- 
erating surface and requiring only a 
minimum of space for mounting, the 
HEILAND A-708 meets the exacting 
specifications of research and develop- 
ment personnel in aircraft flight testing, 
laboratory and industrial testing. 


Write for complete details 


HEILAND RESEARCH CORPORATION - 
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FEATURES 


e Completely accessible from 
operating surface 

e Compact...can be 
mounted in a minimum of 
space...lightweight 

e Can be panel mounted 

© 6 to 24 channels 

e Paper widths 5”, 8”, 12”, 18” 
e Simplicity of loading 

e Direct monitoring of 
galvonometer light spots 

e Flexibility of operation 

e Simultaneous viewing, 
recording and scanning 

e Trace identification...zero 
mirror...synchronizing 


e Adjustable automatic 








130 East Fifth Ave. * 


Denver, Colo. 





NEW INSTRUMENTS 








d-e. working. Performance character- 
istics are similar to “Sprague Cera- 
Mite” disc capacitors.—Sprague Elec- 
tric Co., North Adams, Mass. 


Mention No. 153 when filling out card. 





Miniature Pulse 
Transformers 
New miniature pulse transformers 
for low-power application weigh less 


than 0.1 ounce. Built in range from 
0.2 to over 5 microseconds pulse widths, 





when used as blocking oscillator. Spe- 
cial features are fast rise time with 
minimum decay. Response from 100 ke. 
to 30 Me. can be shifted to higher or 
lower frequency range as_ required. 
Built of class “H’” materials for oper- 
ation at 200 C.—PCA Electronics, Inc., 
6368 DeLongpre Ave., Hollywood 28, 
Calif. 


Mention No. 154 when filling out card. 





Oetal Connector 


New “209FEC” octal-type 9-pin con- 
nector and “109C” plug is rugged, small 
connector with leads attached directly 





to contact. Each lead has individual 
strain relief.—Alden Products Co., 117 
N. Main St., Brockton 64, Mass. 


Mention No. 155 when filling out card. 
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LONG-RANGE MILITARY 
AIRCRAFT PROGRAM 


by 


NORTH AMERICAN 
AVIATION, INC. 


Les Angeles, California 


Unusual opportunities for Aerody- 
namicists, Stress Engineers, Aircraft 
Designers and Draftsmen, and special- 
ists in all phases of aircraft engineer- 
ing. Engineering skills other than air- 
craft may be adaptable through paid 
training program. Also openings for 


Recent Engineering College 
and Technological Graduates 


Long-range military program offers 
fine chance for establishing career 
in aircraft while aiding defense effort. 
Transportation and established train- 
ing time paid. Salaries commensurate 
with experience and ability. 


Please include summary of 
education and experience in 


reply to: 
Engineering Personne! Office 


Section 9 


NORTH AMERICAN 
AVIATION, INC. 


Los Angeles International Airport 
Los Angeles 45, Calif. 
or 
Columbus 16, Ohie 


bendy WN- Friez 


THERMISTORS © 


(NEGATIVE TEMPERATURE 


CO-EFFICIENT 


CERAMIC RESISTORS 





@ These temperature responsive resistors are 
useful as temperature measuring elements 
and as liquid level sensors; they are espe- 
cially well suited to compensation where the 
circuit constants must be maintained irre- 


Many other values can be obtained from stand- 
ard diameter material. Because the thermistors 
are made in our own plant, under extremely 
careful control, special compositions, shapes, 
and resistance values, hermetically sealed or 














spective of temperature changes. Since they 
are a fired ceramic, they are stable under 
practically all conditions and respond only 
to temperature changes. 


otherwise protected, can be made in any quen- 
tities to suit your individual 


We mie 2 your Lnguinies 








BENDIX-FRIEZ STANDARD ROD TYPES Write Dept. F 

















Size (inches) @ +30°C. @ orc. @ —30°C. Th 
.140x% 45 ohms 88 ohms 193 ohms 
Typical applica- 
040 x 1.5 14,000 ohms 29,946 ohms 74,676 ohms | tien in capsule 
‘orm —— 
at 
018 x 1.5 40,000 ohms 94,040 ohms | 262,400 ohms | hydraulic oil. 














FRIEZ INSTRUMENT DIVISION of 


1324 Taylor Avenue « Baltimore 4, Maryland 
Export Sales: Bendix International Division, 72 Fifth Ave., N.Y. 11, WY. 


AVIATION CORPORATION 













PROBLEM 


Regardless of the intricacies 
of an application, you can 
depend on prompt and thor- 
ough evaluation by _ exper- 
ienced engineers of — 

The A, W. Haydon Company 


SOLUTION 


From problem __ statement 
through quantity production, 
the specialized know-how of 
The A. W. Haydon Company 
is devoted to expeditiously 
fulfilling your requirements. 






“A. W-MAYDON 


228 NORTH ELM STREET 
WATERBURY 20, CONNECTICUT 
Design and Manufacture of Electrical Timing Devices 


WRITE FOR CATALOG 
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INSTRUMENTS ON THE MARCH 


New Principles. Appheations. Non-commercial Developments 





Precision Thermostat 


WASHINGTON, D.C.—An improved precision thermostat 
(Fig. 1) for temperatures between 1000 and 1550 degrees 
C. has been developed at the National Bureau of Standards 
by Dr. Wm. R. Eubank, according to Technical Report 1455. 
The control provides continuous control of an electric fur- 
nace within 0.1 degree C. for several hours, and within 1.0 





RS. 


Fig. 1. Precision thermostat controls temperature of an electric furnace. 


degree C. for several days. The furnace winding serves as 
the sensitive element, forming part of a bridge circuit for 
control of a thyratron tube (Fig. 2). The thyratron circuit 
allows just enough current to reach the furnace to com- 
pensate for a given temperature fluctuation. 

The output of the a-c. bridge, one arm of which serves 
both as a resistance thermometer and as a heater element 



























































COT 


(OAP aa, 



































Fig. 2. Circuit diagram of thermostat. 


for the furnace, is amplified and applied to the control grid 
of the thyratron. When the resistance of the furnace wind- 
ing changes with temperature, the resulting unbalance of 
the bridge produces a difference in phase between the con- 
trol voltage and the anode voltage of the thyratron. This 
phase difference determines the firing period of the thyra- 
tron. The thyratron action is reflected to the bridge circuit 
through a transformer, thus controlling the amount of 
energy supplied to the furnace. 
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Electrcedynamic VHF Ammeter 


WASHINGTON, D. C.—An electrodynamic ammeter em- 
ploying a short-circuited ring coupled to a coaxial trans- 
mission line, has been the subject of a theoretical and ex- 
perimental study by Max Solow of the National Bureau of 
Standards, according to Technical Report 1456. The method 
depends on a torque measurement on a conducting ring im- 
mersed in a field which does not change with frequency. 





Fig. 1. Electrodynamic ammeter for VHF current. 


Fig. 1 shows an experimental model of the electrodynamic 
ammeter. The horizontal copper tube is the outer conductor 
of a section of coaxial transmission line. A short-circuited 
ring, one centimeter in diameter, between the inner and 
outer conductors of the line, is hung from the tower by a 
quartz-fiber suspension. Light reflected from a small mirror 
on the suspension indicates the torque on the ring produced 
by current in the coaxial line. 





Fig. 2. End view, showing calibrating thermocouple element. 


Fig. 2, an end-on view of the VHF electrodynamic am- 
meter, shows a thermocouple element in place for calibra- 
tion. The inner conductor of the coaxial line is supported by 
polystyrene foam, which has a negligible effect on the 
electromagnetic field. In use, copper plates cover the ends to 
isolate the ammeter from external fields. 
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| Miniature all-electronic system for instantaneous 
measurement and control of process variables... 





—for closer, more accurate control. 





SWARTWOL 


Regardless how fast a pneumatic or electro-mechanical system may function, it cannot 
compare with the instantaneous, all-electronic response of the Swartwout Autronic Control 
System. Here’s why. Since transmission of information throughout the system is by electrical 
means only, there is no mechanical motion . . . no slide wires, boosters or motors to initiate 
control action ... no control air lines from primary element or to final element. Hence the 
Autronic Control System spans distance between primary and final elements without interval 


A-4940 





AUTRONIC CONTROLLER, heart of the 3 AUTRONIC RECORDER operates without 

system, has no moving parts. Propor- slide wires or other contacting mecha- 
tion, reset and rate-action adjustments; with nisms. Electronically controlled pen gives 
or without built-in set-point adjustment. true linear trace. Unit holds 1-month supply 
Extremely compact, plug-in type units are of standard 3-inch linear or square root 
interchangeable; can be used direct or chart paper. Set-point adjustment optional 
reverse-acting. with Autronic Recorder. 


AUTRONIC MANUAL 

CONTROL makes bump- 
less changeovers simple. No 
gauges to synchronize, no 
readings to remember be- 
cause indicator shows 
difference between actual 
and desired output. 











Swartwout foe 





SEND FOR BULLETIN A-701 - THE SWARTWOUT COMPANY - 18511 EUCLID AVENUE - CLEVELAND 12, OHIO 
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program 


How Socony-Vacuum 
“avoided”? 20% of 
process heater fuel bill 





need 





specifications 





for instrunient : 


selected 





results 


» 
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When engineers at Socony-Vacuum, Trenton, Michigan refinery developed a 
complete fuel conservation program, process heaters came under close 
scrutiny. Socony-Vacuum engineers felt they could reduce the total cost of 
fuel used in raising the temperature of petroleum stock if they could keep the 
amount of excess air in the flue gases at a minimum. 

Socony’s instrument engineers wanted an instrument which would indicate 
excess air, so that they could make adjustments to keep the air at a minimum 
and thus save fuel. 


must provide a continuous indication so that changes could be spotted 
immediately. 


must not be affected by changes in fuel composition since different 
fuels are.used in the heater furnaces. 


must not be affected by the presence of Hydrogen in the gas sample. 


preferably, measurement should have direct relationship to excess air. 


four HAYS MAGNO-THERM 
OXYGEN ANALYZERS 

and two HAYS 2-PEN 
ELECTRONIC RECORDERS 


The entire fuel conservation program brought 
a 20% reduction in Socony’s annual fuel bill. 
The Hays Oxygen Recorders have proved an 
effective combustion guide on the process 
heaters. 


Improvement in the efficiency of your process heaters can mean large fuel savings. Write for Bulletin 
50-829, 16 pages of information on how the O2 meter works, where it’s used, etc. No obligation. 





THE HAYS CORPORATION wmicuican city 8, INDIANA 
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Operated 


BALL CHECK 
LUBRICATOR 
SILICONE grease 
for temperatures 
from 40° to 500° F. 


SIZES: 2 thru 2 


RENEWABLE 
PLUG and SEAT 
Stainless Steel 


VALVE TOP—Durable moulded neoprene diaphragm (1) has positive 
sealing bead which provides increased sealing action with increasing 
control pressure. Efficient diaphragm form insures ample and constant 
operating power thru full travel. Piston Plate Assembly (2) has a free 
floating thrust plate which absorbs side thrust. Closely guided piston plate 
maintains stem in accurate alignment. Maximum air pressure in top, 22 psi. 


® 


FAS SINGLE SEAT 
WJ V-PORT 


Wht y 4 


LOWRITE VA(VES Give- 


Special Flow Characteristics—High lift V-Port plug 
provides proportional flow throughout entire lift of 


stem as shown in chart below. 


Wide Variety of Valve Sizes—Nine sizes are available, %” thru 
2". The 4%” valve can be furnished with plugs to give 15%, 
30%, 60% or 100% of maximum capacity. Plugs are 
easily interchangeable without removing valve from line. 


r 


Max. Temperature 450 F 


FLOW CURVE FOR POWERS 
CHARACTERIZED V-PORT 
Direct and Reverse Acting . FLOWRITE VALVES 





Better Control—Less Maintenance—Superior design of stainless 
steel plug and seat reduces wire drawing, insures longer life 
and tight shut off. V-Ports do the throttling, protecting sep- 
arate shut off seat. Plug and seat are truly removable and can 
be easily replaced in the field. Inner valves are machined and 
SEPARATE precision ground and lapped within very close tolerances. 


SHUT-OFF = . 
SEAT Low Hysteresis— Due to smooth rolling diaphragm and pol- 


ished stainless steel stem in preformed lubricated packing. 


Easy to Adjust— Ball bearing adjusting screw; rust proofed 
steel calibrated springs with full travel in 5 or 10 psi. 


Easy to Install— Powers Flowrite V-Port valves have double 
unions and bronze body with rugged construction to 
withstand piping strains. 


Easy to Service—Valve and top are easy to take apart and 
re-assemble, facilitating inspection and maintenance. 


Reasonably priced. Contact our nearest office for prices and assistance 
in selecting proper size valves 


THE POWERS REGULATOR CO. 


SKOKIE, ILLINOIS @ Offices in Over 50 Cities 


Chicago 13, Ill., 3819 N. Ashland Ave. @ New York 17, N. Y., 231 E. 46th Street 
Los Angeles 5, Cal., 1808 West 8th Street @ Toronto, Ontario, 195 Spadina Ave. 
Mexico, D. F., Apartado 63 Bis. @ Honolulu 3, H. I., P. O. 2755—450 Piikoi at Kong 


OF TEMPERATURE AND HUMIDITY CONTROL 


(a70) 













EFFECTIVE INSULATION—Used in both research and quality BETTER FOODS MEAN HEALTHIER BABIES— Pilot plant at Baby 
control, these instruments automatically record temperatures at Foods Division of Gerber Food Products makes use of | 
many points in a “‘test wall’’ of paper insulating material. Electronik recorder to check all-important processing tem- 
peratures during test runs. 


From lab...to pilot plant .. .|tc 
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TORQUE MAGNETOMETER used by researchers at United States FILAMENTS FOR FABRICS — These instruments, in one of 
Steel Corporation tells whether a steel sheet can be ‘“‘drawn’”’ into America’s foremost rayon plants, are contributing to the 4 
a deep cap for a ketchup bottle. Shape of. curve drawn by re- stability of pilot plant processing in the development of finer 





corder pen tells the magnetic, hence the shaping, story. filaments for tomorrow’s fabrics. 
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RAPID CHEMICAL & TEMPERATURE ANALYSES. Automatic still (at right) provides accurate record of hydro- 


carbon concentrations . 


. while multi-point ElectroniK Precision Indicator and Recorder provide checks 


and records of critical temperatures on pilot of new process. 


a c full-scale production 
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Province processes in the pilot plant stage can 
save untold millions of dollars in ‘‘on-stream”’ 
operations. But bridging the gap between fluid 
ounces or pounds in the laboratory and barrels 
or tons in the plant takes considerable doing. 


Thorough instrumentation in the pilot plant 
provides... (1) a saving in scientific man-hours, 
through the centralization of critical data 
which eliminates the hand logging of hundreds 
or even thousands of points’. . . (2) easy and 
rapid interpretation of data, through automatic 
coordination and recording in chart form. . 

and (8) process simplification, through a com- 


acdlle Aenea, 


plete understanding of control problems well in 
advance of full-scale operations. 


Add to these advantages the fact that, with 
instruments, pilot studies are accomplished in 
much less time . . . for instruments accelerate 
research. Investigate the wide application pos- 
sibilities of Brown Instrumentation. Our local 
engineering representative is qualified to dis- 
cuss your requirements . . . and he is as near as 
your phone. 

MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, 4482 Wayne Ave., Phila- 
delphia 44, Pa. - 





MInnGBAPOLIS 


Honeywell 


BROWN 


@ Important Reference Data 


Write for 84 - page bulletin “Instruments Accelerate Research" 
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. and Data Sheets on instrumentation for a variety of specific applications. 






valve after Valve after VALVE- 
Processing Industries 
rely on... 








SEED EPEES LEEPER 


BSs:-~B 


Type 86-Climax Ee | 
DIAPHRAGM CONTROL _ | : 
VALVES “t= |. 
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Control of flow, F CLIMAX CONFIDENTIAI au 
ENGINEERING SERVIC 





A Climax Type 86. 
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SUBJECT INDEX 


A 


Abrasion Tester, Portable 773 

Accelerometer, Improved Ramberg 
Vacuum-tube 198 

Accelerometer, Piezoelectric 305 

Accelerometer, Recording 

Accelerometer of Wide Frequency Range, 


A Ceramic 
“G’’ Standard for 


Sc aeoumeters, 
a resting 916 
Actuators, Limit-switch 1468 
Adjustable-case Dial Thermometers 677 
Aerial-photography Slide-rule 1066 
Air Bleed for Bourdon Tubes 444 
Air Cleaner, oe 561 
Air Cylinder, Small 6 
Air Pollution earn el 1057 
Air Velocity Controller 64 
Aircraft, Stick-force Indicator for 1448 
Aircraft Temperature Controller 1459 
Air-meter, Portable 548 
Alarm, Photoelectric 935 
Alpha Survey Meter 75 
American Gas Association 717 
American Gas Association Issues Instru- 
ment 
American Society of Mechanical Engi- 
neers 717 
American Society of Tool Engineers 202 
American Standard for Electrical Indicat- 
ing Instruments Revised 355 
Ammeters, Recording Voltmeters and 668 
Plant, Instrumentation of an 


A-c. or D-c. 1058 

Audio 1201 

D-c. 310, 1058 

Laboratory Carrier 1058 

Power 307 

for Proportional Counting, 
Linear 189 
Amplifier for Recorders, Carrier 60 
Amplifier, Servo 681 
Amplifier, Servomechanism 304 
Amplifier, Ultrahigh-frequency 1446 
Amplifier, Ultra-sensitive D-c. ya 
a nee Packaged M ~ 


Analog Computer 673, 772 
Analysis Unit, Fluorescence 1320 
Analysis-unit Charger 1198 
Analytical Weights, Box for 1196 
Analyzer and Alarm, Gas 1318 
Analyzer, Electrical Power 668 
Analyzer, Engine 1818 

Analyzer, Power 1454 


etc., 





Antenna Distribution System 934: 

Appliance Tester, Sensitizer for 785 

Application of Continuous Infrared Ana- 
lyzers 1296 

Application of Dielectric Measurement to 
Continuous Processes 

ASME Symposium on High Pressure 
1079 


Atomic-energy Plant Hazards, Automatic 
Control Reduces 200 

Atmosphere Generator 1457 

Attenuator, Microwave 1074 

Attenuators 69 

Audio-frequency Standard 672 

Automatic Booster Station, Design of an 
Unattended 884 

Automatic Control Conference Held in 
Bedford, England, July 1951, Some 
Impressions of the 1172 

Automatic rere Hi Mg Flow in the Proc- 
ess Industries 5 

‘Atitomatic Control  teSties Atomic-energy 
Plant Hazards 200 

Automatic Gain Compensator Strip 1077 

Automatic Pilot for Jet Planes 301 

Automatic Reset, ‘‘Balanced’’ and ‘Vari- 
able-linked”’ 1292 

Automatic Sorting - 195 

Automatic Titrator 1 

oe Weather Station, Air-launched 

Oo. 

Automatically Mixed and Batched, Foun- 
dry Sand 1214 

Automatize a Paint Company’s Preduct- 

: development Tests, Instruments 1306 

oe Inspection, Crucial Need of 


ibnoptiot, Marine 1317 


Balance Wheel by Watch-case Reaction, 
Recording Motion of a Watch 154 

“Balanced’’ and ‘‘Variable-linked’’ Auto- 
matic Reset 1292 

Ball-bearing Tools 1192 

Barrel Filling Meter 180 

Base and Socket, — interchangeable 69 

Battery Tester 1454 

Bearing, Nylon 1383 

Bellows, Metal 445 

Beta Gages 1460 

Beta-gamma Survey Meter 
Roards, Production Control * 780 

Booster Station, Design of an Unattended 
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Counter, Step-motor 1457 

Counters, Automatic Batch 1518 

Counters, Electric 445 

Counters for High-temperature 
Geiger-Mueller 1067 

Course for Mechanical Engineers, Instru- 
mentation and Automatic Control 406 

Crack Detector 782 

Crucial Need of Automatized Inspection 


Work, 


759 

Crystal Growing Equipment, Process In- 
strumentation For 585 

Crystal Unit, Dual 678 


Cylinder, Small Air 675 


D 
D-c. Supply, High-precision 1060 
Dechema 1310 
Decontaminating Solution 1461 
Degasset, Automatic 778 





ew? 
Daekone for ioaeeons Air, Filter 
and 1057 
Delay Line 1073 
Demineralizer 1194 
Demonstration Instruments for 
Processes 1068 
Density Indicator, Liquid 300 
Derivative-integral Filter 1189 
Desiccator 1196 
Desiccator Holder 1464 
Desk, Magnetie Testing 1324 
Detector, Charger & Reader, 
High-range Radiation 191 
Developments in Electronic Instrumenta- 
tion Including Process Control, ae = 
Ss. ale 


Nuclear 


Minature 





Die Temperature Controller 434 

Dielectric Measurement to Continuous 
Processes, Application of 1434 

Differential-analyzer-type Digital Com- 
puter 912 

Differential Bridge, Thermometer 1452 

Diffraction Gratings, Original 1464 


ter, Magnetic-coupling 183 


Edge-lighted Instrument Panels 1069 
oe Instruments, Full-view Switch- 


Elestrical Measurement, Standards for 35 

Electrical Micrometer 1065 

Electric-circuit Printers 898 

Electrometer 1062 p 

Electrometer, Dynamic: Condenser 185 

Electrometer, Vacuum-tube 187 

Electronic Timers 1439 

Electronics (Editorial) 641 

Electrophoresis Apparatus 1187 

End Measuring Rods 72 

Engine Analyzer 1318 
Engine Pressure Indicator, Construction 
and Calibration of a Laboratory 156 

Engineering Schools, Survey of Industrial 
Instruments Courses in 886 

Engraver 789 

Errors Introduced into F-M Carrier 
Measuring Systems by Time-base Vari- 
ations in Recording and Reproducing 
Data 274 

Europe’s Industrial and Instrument Fairs, 
My Second Report to INSTRUMENTS’ 
Readers on 1043 

Evaporator, High-vacuum 931 

Exposition of Power and Mechanical 
Engineering, 1950 National 45 

Exposure Controller 1458 

Exposure Meter 1457 


F 


Factors in Precise Control of 
Flow 705 

Fault Locator 1458 

Field-intensity Meter, Noise and 1060 

Film, Instrumentation 1090 

Filter and Dehydrator for 
Air 1057 

Filter, Derivative-integral 1189 

Filter, Half-octave 435 

Filter, Low-frequency 1191 

Filters, Air-gas 562 

Filters, Infra-red-pass 77 

Flame Failure Safeguard 929 

Flashlight-Magnifier 680 

Flaw Detector, Ultrasonic 779 

Flow Calculations, Gas Pipeline 345 

Flow Control Elements 443 

Flow, Factors in Precise 
Liquid 705 

Flow of Fluids through Orifice Meters 
with Particular Reference to the Meas- 
urements of Liquids and Steam, Meas- 
urement of 817, 975, 1101 

Flow Interlock 439 

Flow Measurement. 

me of 470 
low eter, A Method 

Pay yo Flow, The Mase "331 33 eure 
low in the Process Industries, 
Control of 590 Automate 

Flow Pulsations, A Method for Correct- 
~~ eat meter Measurements for 763, 


Liquid 


Instrument 


Control of 


A Non-mathematical 


Flow Signal Transmitter 668 

Flow Transmitter, Pneumatic 60, 548 

Flow-control Elements, Time-delay 682 

Flowmeter, Aircraft Fuel 301 

Flowmeter, Electronic siinapester and 1316 

Flowmeter, Induction-type 1 

Flowmeter, Linear-scale 912 

Fluorescence Analysis Unit 1320 

FM Communications Monitor 188 

FM lation Meter a 

aaa Indicator, Remote 1057 

‘oundry Sand Automatically Mix 
Batched 1214 " ei 

Fractionator, Adsorption 779 

Freight, Research Instrumentation as Ap- 
Plied to the Transportation of Perish- 
able 811 

Frequency Converter Accessory 432 

Frequency Meter, ic 67 

Frequency Monitor, AM 

Fuels and Lubricants, pitenting Con- 
trollers Speed Tests of Engine 

hye al the Engineering Publication, 


Fuse Extractor Post, Miniature 1204 
Fuseholder, Indicator 680 

Future of Graphic Panel in Process 
Control 405 


G 


“G’ Standard for Testing Accelerometers 
ete. 916 
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Gage, Automatic Sorting 195 

Gage Blocks 426 

Gage, Bore 1319 

Gage, Dial Groove 441 

Gage, Electronic 1452 

Gage, Glass Tubing 442 

Gage and Jack, Load 923 

Gage, Optical Cam Rise 1320 

Gage, Pneumatic Dimension 180 

Gage, Tin Plating Thickness 72 

Gage, Universal Depth 1320 

Gaging & Classifying Instrument, 
matic 72 N 

Gaging Herd. Electronic 1319 

Gaging, Non-contact 652 

Gallons Content Nomograph 932 

Galvanometer 1466 

Galvanometer Shunt, Automatic 307 

Galvanometer, Super-sensitive 64 

Gamma Tube 1461 

Gas Analyzer and Alarm 1318 

Gas Analyzer, Recording and Controlling 
Infrared 912 

Gas Indicator, Combustible 182, 184 

Gas Measurement Committee Report 717 

Gas Pipeline Flow Calculations 345 

Gaskets for Water-level Gages 77 

Gaussmeter 787 

Geiger Counter, Portable 74 

Gel-time Meter 1464 

Generator and Pickup, AF 306 

Generator, Pulse 1456 

Generator, Square-wave 928 ; 

Generator, Ultraronic 671, 786 

an Hanover Fair, Measuring Instru- 

ments and Controllers at the 1170 

Germanium Crystal Diode 793 

Glare-proof Coating 196 

Glass Valves for Vacuum Control 656 

Glassware Service, Laboratory 79 

G-M Counter, Prospector’s 1198 

Gordon Research Conferences, AAAS 773 

Governor, Ov 78 

Graphic Panel in Process Control, Fu- 
ture of 405 

Grid-dip Meter 1191 


Hardness Tester 780, 1063 

Hardness Tester, Dry 559 

Hardness Tester, Micro- 559 

Heater 918 

Heater for Opening Instrument Cases 194 
Heating Cable 1464 

Hw aa Indicator 1192 
— Vacuum Evaporated Optical Coat- 


gs 284 
wigh-presure Differential Manometer, A 


High- —— p= — Through Orifices 279 
— — = rect-trace Recording Meth- 
s 
Hot-plate, Laboratory 1194, 1322 
Housing, Electrical Network 69 
Human Factor in Instrument Design, 
The 1290 


Humidity Indicator 687 
Himidity, It Isn’t the Heat—It’s the 280 
Humidity for Research, Controlled 1306 
Hydraulic Components and Syetems, Test- 
er for 921 
Hydraulic Press 1473 
Hydravlic Remote Centro! 
julic Servocontrols : ‘oe Steel In- 
dustry 650 
ese Servo System 1462 
-ion, See pH. 
Honenatie Pressure Generator 560 
Hygrometer, Electrical 60 


Illumination Controller 779 
Tiluminator, Comrarator 443 
Iiluminometer, Daylight 1316 
Indicator for Resistance Thermometers 


484 
Indicator, three-rosition 916 
— and Control Units, 


Induction-motor Rotor Temperatures, 
Messurement of 410 

Industrial Aplications of Manometers 231 

Industrial Control Applications. An Elec- 
tronic Control System for 643 

al Instruments ye in Engi- 

neering Schools, Survey of 

Infrared Analyzers, Apetication of Con- 
tinuous 1296 

Infrared Polarizer 77 

Infrared-pass Filters 77 

Inputuner, Detent-action Continuous 306 

Inspection Borescope, Internal 676 

—_— Crucial Need of Automatized 

Inspection Laboratory 1320 

Inspection of Steel Castings Radiographic 


655 
Inspection Unit, Mobile 1463 
and Segregator 


Auto- 


Miniature 


for Tappets, 
Automatic 922 
tt Circuits, Quality Electronic 
Components for 966 


Instrument and Control Maintenance In 
A Steel Mill 212 
Instrument Design, The Human Factor in 


Instrument Electronics 760, 888, 1048, 
1174, ag ame 

Instrument . Classifications: Keys to 
ney ny 


tation of an Ammonia Plant 158 
tation and Automatic Control 
Course for Mechanical Engineers 406 


Instrumentation Film 1090 
oo Minimizes the Welding 
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Instrumentation, Safety 575 

Instrumentation, Tunnel 1180 

Instrumentology and Instrumentation 153 

Instruments, Full-view Switchboard Elec- 
trical 65 

Insulation Material, Electrical 1332 

Insulation Tester 1192, 1456 

Insulation Tester, Winding- 1324 

Integrator, Ball and Disk 789 

Intervalometer 915 

Ionization Chamber, Explosion-proof 73 

ISA’s Sixth Annual Exhibit, Descriptive 
List 902 

Isolation Box 1075 

It Isn’t the Heat—It’s the Humidity 280 


J 


Join Forces to Develop New Industrial 
X-ray Process 1308 

Journal of the Instrument Society of 
America 91, 209, 327, 461, 583, 703, 
805, 963, 1097, 1221, 1349, 1493 

Journal of the Southern California Meter 
Association 105, 229, 345, 597, 717, 817, 
975, 1101, 1235, 1361, 1507 


K 
‘Knows All Angles” 1178 


L 


Label Tape 936 

Labels for Marking Fluid Lines 318 
Laboratory Glassware Service 79 
Inspection _— 


Shielded 1467 
Leak Detector 426 

Vacuum 1322 
Lens 1320 


Level Gage, Frost-proof 553 
Light, High-intensity 3 
ght, Low-voltage Test 3 
Light, Miniature bedieseer 792 
Light Waves, Contour Mapping of Optic- 


al Surfaces 
ge agg I Control in Brook- 
tery Tunnel 296 


Linear to Logarithmic Converter 433 
Liquid Dispenser 1472 
Liquid-level Transmitter 302 

Load Cell, Torsion Bar 1462 

Load Cells 316 

Load Cells, Tensional 567 

Load Gage and Jack 923 

Locating Underground Pipes 105 


Locomotive-tachometer Test Equipment 
bee 
Comparator Separates Bolts 


Magnetic 
1448 
Magnetic Head, Miniature 1462 

Magnetic Memory 555 
Magnetic Observatory in Operation in 
U. 8., Third 200 
Magnetic Permeameter 696 
Magnetic Recording Rubber 1184 
Magnetic Testing Desk 1324 
Magnetic Transmission 61 
Magnetic-tape Pickup 679 
Magnifier, Flashlight- 680 
Magnifier, Thermometer 1463 
Maintenance In A Steel Mill, 
ment and Control 212 
Manometer, Absolute and Differential 668 
Manometer Calibrator, Warburg 441 


Instru- 


Manometer, Correction Factors for the 
Balancing Effect of a Gas in One Leg 
of a 528 

Manometer, 


Flexible 1058 

and Fl , Electronic 1316 

Manometer, A High- -pressure Differential 
159 





Manometers. gy Applications of 231 

Markers, CRO Time 107 

Mass Flow Meter g “Methoa for Measuring 
Pulsating Flow, The 331 

Mass Spectrometer, Analytical 60 

Mass Spectrometer for Monitoring Con- 
tinuous Processes, A 221 

Mass, Standards of 530 

Master Control System, Electronic 61 

M & C Handbook to U. 8S. and Canada 
Only 1027 

Measurement and Control in the Utiliza- 
tion of Mixed Fuels and Oxygen in 
Oren-hearth Furnaces 1028 

Measurement of Flow of Fluids through 
Orifice Meters with Particular Refer- 
ence to the Measurements of Liquids 
and Steam 817, 975, 1101 

Measurement of Induction-motor Rotor 
Temperatures 410 

Measuring and Proportioning Method, A 
Novel 286 

Mellon Institute - 

Memory, Magnetic 555 

Memory, Static Magnetic 62 

Mercury Cleaner 562 

Mercury Cleaning Unit, Small 79 

ectors 1062 


Meter, Barrel Filling 180 

Meter, Positive Displacement 314 
Methods for Sorting Mixed Metals 522 
Micro Hot-hardness Tester, NBS 1342 
Microbarograph, Recording 1186 
Microinches, Color Yardstick Measures 


659 
Micrometer, Electrical 1065 
Micromicroammeter, D-c. 550 
Microphotometer 553 


Micropotentiometer, Wide-range R-f. 572 
Microscope Base, Tool-maker’s 79 
Microscope, Metallographic 182 
Microscope Slide Field-finder 196 
Microscope, Toolroom 1066 
Microscopes, Ball-bearing 1320 
Microscopes, Laboratory 1194 
Microscopes, Toolmaker’s 1193 
Microscopic Method for Detecting Silica 
in Dust 694 
Microscopy, New Techniques in 772 
Microwave Spectrograph—It’s Use as an 
Analytical Instrument, The 1352 
Milling Machine Duplicating Attachment 
428 


Millivoltmeter, Indicating 554 

Millivoltmeter, VT 1190 

Mine-car Carrier-current Communications 
System 786 

Miniature Transmitter 896 

Modification of Portable Strain Indicator 
for Use with a Closed External Bridge 


Circuit 533 
wy aeameaes Automatic Inspection 
fo 5: 


Moisture Meter 780, 1187 

Moisture Meter, Grain 933 

Moisture Meter, Wood-waste 933 

Moisture Tester 548 

Moisture Testers, Portable 433 

Molten Metals, Comparison of Methods 
for Measuring Temperature of 766 

Molten-metal Temperature Measurement, 
A Thermocouple System for 769 

Moment-balance Scale 1196 

Monitor, Line-noise 440 

Monitoring Continuous Processes, A Mass 
Spectrometer for 221 

Monochromator, Grating 552 

Monochromator, Quartz 193 

Motion Picture Camera, Synchronous 62 


Motor, Controlled 925 

Motor, Small Synchronous 1328 

Motor Speed Controller, 1/3-hp. 1060 
Motor, Timing 1073 

Motors, Miniature D-c. 


306 
Mounting Clamp, Instrument 1204 
Mountings. Antivibration 
Mounts, Shock 678 
Multi-channel Photographic Recorder 300 
Multimeter, Portable 552 
Multiple-Unit Signal, Back-lighted 68 
pod 186 


Multi-range Indicator, 

My rt to 
Readers on Europe's Industrial and 
Instrument Fairs 1043 


Networks, Input and Suet 1200 
New Instruments—8719, 203, 273 
New Managing Editor 391 
Noise and Field-intensity Meter, 


1060, 
1191 
Noise Meter, Miniature 1062 
Noise Monitor, Line- 440 
Noise sa at Regulator Stations, 
The 1361 


Noise Source, L-Band 672 
Non-Contact Gaging 652 
Non-mathematical . Discussion of Flow 
Measurement, A 

Nomograph, Gallons Content 


— ew d and oe 
Nuclear Process Instrumentation 


Field, 

in e 1295 

Nuclear Processes, Demonstration Instru- 
ments for 1068 


° 
Occupational Field, An 641 
Oil-burner Controller 1186 


Oil-burner Flame Failure Control 300 

Oil-line Products Tracked by Radio- 
activity Recorders 6 

“One of the Great Technical Events of 
the World” 1159 

One-knob Production Control 215 

Open Letter to Charles Wilson, An 1289 

Open Letter to Production Men, An 1289 

Open-hearth Furnaces, Measurement _ 
Control in the Utilization of xed 
Fuels and Oxygen in 1028 

Operation of a Telemetering System 

Use Commercial 

Power at Transmitter 597 

Operators for Throttling Control, Pneu- 
matic 1430 

Optical Cam Rise Gage 1320 


Optical Rangefinder 
Optical Straizhtedge 926 


Orientation Unit, Quartz a 

Orifice-meter "ee Flow 
ee A Met for ‘Cuuiities 

om, High-pressure Drops Through 
‘ 

Oseillator, Audio 1452 

Oscillator, 


dge 304 
Oscillator, Bridve-stabilized 304 
Oscillator, Low-frequency 434, ee aad 
Oscillator with Markers, F-m. 

Sweeping 304 

Oscillator, Wide- See a 435 
Oscillograph, High-speed 
Oscillograph, 9-channel 1322 
Oscilloscope 783, 784 
Oscilloscope, Calibrator 308 
Oscilloscope Cam 62 
Oscilloscope, Dual-c channel 1188 
Oscilloscope, Portable 927 
Oven, Laboratory 674, 1194 
Oven, Laboratory Core-haking 193 
Oven, Thermostated 931 
Overload Warning Signal 317 


P 
Packaging, Rubberized-fibre Protective 563 
Paint, Thermoscopic 930 
Panel Board Design, Symposium on 594 
Panel Design 1425 





Panel Instrument 1184 

Panels, Edge-lighted Instrument 1069 

Panoramic Indicator 927 

Particle Detector-Amplifier 677 

Performance Analysis of Butterfly Valves 
8 


80 

Permeameter 302 

Permeameter, Magnetic 696 

Petroleum Refining Industry, Instrumen- 
tation in the 1168 

pH Meter 1188 

pH Recorder 1452 

pH Standards, New 1212 


pH Tester, Portable 550 
Phosphors, Crystalline and Plastic 191 
Photoelectric Measurement Dust 534 


Photographic-film Dosimeter 1308 
Photometer 553, 3 

Physical Society Exhibition, Britain’s 81 
Pickup, Magnetic-tape 67 
Pictorial—Houston Exhibit 1160 
Clinical Thermometers, 


Pilot Light 684 

Pipe-line Pressure Measurement 896 

Pipette Control, Remote 314, 1466 

Pitch Yaw Angles and Pitot & 
Static Pressures, Pickups for 1057 

Pitot & Static Pressures, 


Pite 
Pittsburgh Diffraction 
Pittsburgh’s Temple of Rese 
Planetarium Projector 
Plug and Receptacle, Three-circuit 1073 
Plug-in Chassis 1201 
— Construction, Basic Chassis for 


Pneumatic Cylinders 448 
a. "cela for Throttling Con- 


P tic Ser hani in the Iron 
and Steel Industry 647 

Pocket Tool, Instrument Man’s 934 

Polariscope, High- :. aed Color 63 

Polarizer, Infrared 

— a yo A Calibrating Unit 

Polarographic Instrument, Manual 912 

Potential Divider, Precision 307, 436 

Potential Importance of Ultrasonic Ener- 
gy to Industrial Processes 1422 

Potentiometer, Sensitive 1452 

Power Analyzer, Electrical 668 

Power Positioner for Catalyst Slide 


Valves 1068 
Power Supplies, High-voltage 1190 
D-o. 188 


Power Supplies, Metal-enc 

Power Supply 3 

Power and Mechanical Engineering, 1950 
National Exposition of 45 

Power Plant Controls 38 

— Supply and Bridge Control, D-0 


Power Supply, D-c. 187 
Power Supply, Klystron 927 
Regulated 65, 


Power Supply, Two-circuit 65 
Power Supply, Voltage-regulated 566 
— Unit, Pneumatic and Hydraulic 


Power Unit with Quick-disconnect Fit- 
ting, Aircraft 926 

Power-factor Tester, Hook-on 671 

Press Brake Features Photoelectric Con- 
trol of Ram Motion 1053 

Press, Hydraulic 1321 





786, 928, 


Pressure Cell, SR-4 Differential 300 
Pressure lis 
Pressure Generator, Hydrost»tic 560 
Pressure Indicator, Peak- 780 
Pressure Reducer, High- 1462 
Pressure Transmitter 1318 

em, Dynamic 


Pressure-measuring Syst 
1063 


Printer, Electric 781 

Printers, Electric-circuit 898 

Process Control, Some Developments in 
o_o Instrumentation Including 
Process Instrumentation 


For Crystal 
Growing Equipment 585 
Process Instrumentation in The Nuclear 
Field 1295 
Processes, A Mass Spectrometer for 
Monitoring Continuous 221 
Product-development Tests, Instruments 
Automatize a Paint Company’s 1306 
Product Quality Analyzers 1424 
Production Control Boards 780 
Production Control, One-knob 215 
Production Processes, Remote iepantati 
of Industrial 402 
Projector 925 
Projector, Ortical ogg B 426 
Projector, Planetarium 
Peseeeeans Input Eleo- 


ronic 62 
Publication, The Function of the Engi- 


neering 521 
Pulsating Flow, The Mass Flow Meter 
Correcting 


A Method for amine 331 
Pulsations, A Method for 
Orifice-meter Measurements for Flow 
763, 1094 

Pulse Generator 305, 1224 

Pulse Generator, Calibrating 302 
Pulse Generstor and Calibrator 
Pump, Positive-disnlacement 318 
Pumps, Metering 1334 

Purge Meter 1333 

Pyrometer Controller, Explosion-preof 779 

Pyrometer Controllers 556 

Pyrometer, Immersion Thermocouple 778 
Pyrometer, Port:ble 778 
Pyrometer Supplies 791 
Pyrometers Control New 
Heating Process, 
Pyrometers, Millivoltmeter 180 


. 


Quartz Orientation Unit 1321 
Quality Analyzers, Product 1424 


Comecier, 


1188 
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Question and Answer Session at Texas 
A & M’s Fifth Annual Symposium 
160 


Radiation Absorber Changer 1199 
Radiation Dosimeter 923 
Radiation Dosimeters 1067 
Radiation Monitor 74, 924, 1460 
Radiation Probe 1461 
Radiation Pyrometers Control New High- 
gradient Heating Process 878 
Radiation Survey Meter 1067, 1196 
Radiation-pyrometer-type Wide-range 
Thermometer 1184 

jioactivi 


Counter 557, 676, 788 
Radioactivity Detector 677 
Radioactivity Finger Chamber 


Detector, 
315 
< ~ Simple Pocket Chamber 
3 
Radioactivity Workers’ 


Hands and Feet 192 
Radioactivity Dosimeter Charger 1199 





Detector, 


Detector for 





Radioactivity rders, QOil-line Prod- 
ucts Tracked by 896 

Radioactivity Scaler 440 

Radioactivity Scalers 440 

Radioactivity Warning Label 687 
Radiographic Inspection of Steel Cast- 
ings 655 

Railway Signaling 96 

Ram Motion Press ayes Features 


Photoelectric Control of 105 
Ramberg Vacuum-tube } il. Im- 
proved 198 
Rangefinder, Optical 426 
Ratemeter, Isotope 924 
Ratemeter for X-Radiation 75 
Recorder with Adjustable Range 
Zero Suppression 302 


and 


Recorder, Current 1455 

Recorder Drive, Multi-channel Tape 62 
Recorder, High-speed 784 

Recorder, High-speed Inkless Strain 185 


Recorder, Multi-channel Photographic 300 
Multi-point Strip-chart 426 

Recorder, Two-pen 18 

Two-pen Electronic 426 

Recorder, X-Y 548 

come ne Controller, Air-operated Strip- 

chart 1056 

Recorders, Running-time 915 

Recording Conductometer for 


lytes 710 
——", Methods, High-speed Direct- 


Recording Motion of a Watch Balance 
Wheel Watch-case Reaction 154 
Rectifier Cartridge, High-voltage Selen- 
ium 

Rectifier, Subminiature Selenium 312 
Rectifier, Xenon-filled 1325 

Rectifiers, 1.2-kw. 1072 

Rectifiers, Sealed Selenium 1202 
Reflections at the End of a Year 1421 
Refractometer, Honey 567 

Electrical Automatic 783 
Line-voltage 1458 
Reverse-action 1184 

Stations, The Noise Problem 


Temperature 668 

= Voltage 555 

Regulators, Three-phase Induction 306 

— Adjustable Hermetically-sealed 
‘imin: 

Relay, ‘Alternator 1318 

Relay, Delayed-reset Time-delay 1328 

Relay, D-c. 


Electro- 


Relay, Mercury-contact Plunger 679 
Multiple 1202 
Relay, Sealed 1469, 1470 
Relay, Small 1382 
Subminiature 940 
t Set 918 
Relay, Time-delay 564, 1076 
Relay, Voltage-sensitive 311 
Relays, Electronic 28 
Relays, Miniature D- a tele 310 
uit 


led 1076 
Relays, Subminiature 1075 
Remote Control, Hydraulic 782 
te Control of Mechanisms in Vacu- 

um Chamber 1180 

Remote Supervision of Industrial Pro- 
duction Processes 402 

Research Instrumentation as Applied to 
the Transportation of Perishable 
Freight 811 

Resistance Comparator, Automatic 435 

Resistance Thermometer, Electronic 60 


Bo: de 687 
tor, Replaceable Power 190 
Subminiature 1078 
Voltage Dividing, Subminiature 


1466 

Deposited-carbon 1466 
Miniature 1079 

Precision 436, 1330 

Small Power 1330 

with Boron, Deposited Carbon 


Resistors, Voltage-dividing 938 
stors, Wire-wound 437 
i Wound on Continuous Forms, 
leg. 
Response Rate of Primary Temperature- 
measuring Elements 1446 
R-f. Dielectric Standards 1050 
R-f. Micropotentiometer, Wide-range 572 
R-f. Power-measuring Equipment 785 
R-f. Step-up er ae 
R-f. Test Set 
Rheostats, Multiple. Pot- 1467 
Rheostats, Precision Dual 1078 
Rheostats, Vitreous-enamel 1202 
Rheostats, Wire-wound 683 
Ring Balance Meters 1507 
Robots, Electronic 773 











Roll-temperature Measuring Element 300 
Rotameters 229 

Rotor Temperature Recorder 180 

Rubber, gnetic Recording 1184 
Rubberized-fibre Protective Packaging 563 
Running-time Meter 779 


s 


nee Award for Instrument Department 
1504 


Safety Instrumentation 575 

Sampling Monitor for Production-quality 
Control 779 

Sand Press 1472 

Scale, Moment-balance 1196 

Sealer, Binary 788 

Scintillation 787 

Direct-reading Chart for Beam 


4 
Scintillation Counter 439 
Scintillation Counter Operates 
Billionth of a Second 773 
Scintillation Detector 1199 
Scintillation Scaler 787 
Selenium Rectifiers, Molded-in 1467 
1 You to Top Executives 1027 
Servo Amplifiers 1459 
Servo Kit 1326 
Servoamplifier 681 
Servocontrols in the Steel Industry, Hy- 
draulic 650 
Servomechanisms in the Iron and Steel 


in One 


Industry, Pneumatic 647 

Servomotors 132 

Shadowing Unit for Electron Micro- 
scopes 57 

Sheet Metal Tester 1193 

Shock Mounts 678 

Shunt, Automatic Galvanometer 307 


Shuttle Tension Tester 
a Feed Bubbler and Sediment Trap 
0 


Signal, Back-lighted Multiple-Unit 68 
Signal Flasher 1336 

Signal Generator, Microvolt 189 

Signal Generator, Super-high-frequency 


Signal, Overload Warning 317 

Signaling, Railway 96 

Silica in Dust, Microscopic Metiod for 
Detecting 694 

Simplified her le for Tempera- 
ture Measurements in High Velocity 
Gas Streams, A 338 

Single-sweep Accessory 1325 

Slide-rule, Aerial-photography 1066 

Smoke Density Recorder 1317 

Smoke Detector for Aircraft 426 

Society for Applied Spectroscopy 81, 
972, 1079 

Soil-resistivity Meter 1455 

Solder Flux, Aluminum 315 

Solder, High-temperature Soft 567 

Solder-pot, Instrument-shop 934 

Solder, Resin Core 1470 

Solenoid 684 

Solonoid Contactor 1075 

Solenoid Housing, Explosion-proof 563 

Some Impressions of the Automatic Con- 
trol Conference Held in _ Bedford, 
England, July 1951 1172 

Sorting Mixed Metals, ~—— for 522 

Sound Spectrum Analyzer 6 

Spark Chronograph and SO Im- 
proved 28 

Spectrograph—Its Use as an Analytical 
Instrument, The Microwave 1352 

Spectrometer, Analytical Mass 60 

Spectrometer, Direct-reading 426 

Spectrometer, Infrared 1056 

Spectrometer, Mobile Infrared 184 

Spectrophotometer, Infrared 1057 

Speed Drive, Variable- 1070 


for 








202 





5 1 

Speedometer-odometer Farm Trac- 
tors 932 

Spotweld Control 780 

Stabilizer, Current 1461 

Standard, Audio- eee ge 
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INSTRUMENT 
ELECTRONICS 


By MILTON H. ARONSON 


Managing Editor, Instruments 


VI. GAS-FILLED TUBES 


GAS-FILLED tube, or gas tube, is a vacuum tube 
A in which a small amount of gas—usually mercury 
vaper, nitrogen, neon, argon, or xenon—is intro- 
duced. As the gas is at low pressure, the gas tube is a 
low-vacuum tube with gas in it. 
Gas tubes are available as diodes, triodes, and tetrodes. 
The triodes and tetrodes are called thyratrons. Hot-cathode 
diodes (Fig. 6-1) are called phanotrons. Fig. 6-2 shows the 


GO OOS 


Fig. 6-2. Symbols for gas tubes. A, hot-cathode diode, or phano- 
tron; B, triode, or thyratron; C, cold-cathode glow tube, or VR tube; 
D, neon glow tube; E, mercury-pool tube, or ignitron. 


schematic symbols for typical gas-filled tubes. The small 
dot in the circle indicates that the tube is filled with gas. 


COMPARISON WITH VACUUM TUBES 


Current-carrying Ability 

The gas tube overcomes the primary disadvantage of 
vacuum tubes, which is low current. The plate current 
of the vacuum tube is limited by the ability of the cathode 
to emit electrons. For example, two type-6L6 beam-power 
pentodes in push-pull can produce only about 50 watts 
(200 ma. at 250 volts) of output power. Most gas tubes, 
however, can deliver currents of many amperes at higher 
voltages because the gas is a source of electrons. The gas 
tube has many industrial applications because of its ability 
to rectify and control large currents. 


Efficiency 


As the gas tube can deliver higher current with less 
voltage drop between cathode and plate, the plate resistance 
of gas tubes is lower than that of vacuum tubes. For 
example, the plate resistance of most gas tubes is less 
than 20 ohms, and remains constant for wide variations 
in current; the plate resistance of vacuum tubes is much 
higher—hundreds or thousands of ohms. As the JR drop 
between cathode and plate is a loss of power within the 
tube,.the efficiency of gas tubes is much higher than that 
of vacuum tubes. 





ANSWERS TO QUIZ V.—VACUUM TUBES 


5-1. (b) 5-7. (d) 5-13. (d) 5-19. (ec) 5-25. (b) 
5-2. (c) 5-8. (b) 5-14. (d) 5-20. (a) 5-26. (a) 
5-3. (d) 5-9. (a) 5-15. (a) 5-21. (c) 5-27. (d) 
5-4. (c) 5-10. (a) 5-16. (c) 5-22. (b) 5-28. (a) 
5-5. (c) 5-11. (c) 5-17. (b) 5-23. (a) 5-29. (d) 
5-6. (a) 5-12. (b) 5-18. (a) 5-24. (b) 5-30. (c) 


Test items for VI. Gas-filled Tubes—page 79. 

















Fig. 6-1. Bank of large mercury rectifier tubes. (Courtesy Westing- 
house Electric Corp.) 


Grid Control 


Both vacuum tubes and gas tubes can have a grid 
which, because it is near the cathode, controls the electrons 
emitted from the hot cathode. A basic difference between 
a gas tube and a vacuum tube is that the control grid 
in the vacuum tube can control the plate current at all 
times. In the gas tube, however, the grid can control the 
point at which the gas ionizes and the plate current begins, 
but thereafter it loses control of the plate current. For 
this reason, gas tubes are limited in application to circuits 
in which the grid can lose control of plate current for 
at least a part of each cycle of applied a.c. 


IONIZATION 


Electrons moving from the cathode to the plate in a gas 
tube collide with gas molecules. The collision causes the 
gas molecule to eject one or more of its orbital electrons. 
Electrons ejected from a molecule join the stream of elec- 
trons traveling toward the plate. As they move, they 
cause more collisions, which liberate still more electrons. 
This is a chain reaction which rapidly causes the plate 
current to reach a maximum value limited only by the 
load impedance or the tube elements. 

Molecules that lose electrons are positive ions. The process 
of ejecting electrons from molecules is called ionization. 
An ionized gas-filled tube contains molecules, ions, and 
electrons within the envelope. The electrons in the tube, 
which are greatly increased in number by the process of 
ionization, travel rapidly to the plate, The heavier positive 
ions move slowly to the negative cathode. 

In a vacuum tube, the space charge around the hot 
cathode limits the number of electrons emitted from the 
cathode. This is why the grid can control the plate cur- 
rent. In the gas tube, however, the positive ions reach the 
vicinity of the cathode and neutralize the space charge. 
Thus, when the gas is ionized, the cathode can emit as 
many electrons as it is capable of emitting (saturation 
current). This is why a gas tube has low plate resistance, 
and why saturation can flow as soon as the gas is ionized. 
Of course the current that does flow depends on the 
load put in series with the tube. 


Ionization Potential 


An electron must strike a gas molecule with high velocity 
before it can eject electrons from the molecules of gas. 
As it is the potential between the plate and the cathode 
which accelerates the electrons, this potential must reach 
a certain level before ionization can begin. The minimum 
plate voltage required to start ionization is a control char- 
acteristic called the ionization potential, or the firing 
point, of the tube. When ionization occurs, saturation cur- 
rent can flow as long as the plate potential is high enough 
to sustain the ionization process. 
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Extinction Potential 


Once ionization starts, it continues even if the plate 
potential is reduced considerably below the firing point. 
However, if the potential is reduced to a very low value 
the ionization stops, the gas deionizes, and current con- 
duction stops. This low potential at which current stops 
is known as the extinction potential. The extinction po- 
tential makes it possible to use a gas tube as an electronic 
switch. Some plate voltages permit current to flow; 
lower plate voltages block current flow. Another way of 
expressing the same thing is to say that the plate po- 
tential controls the plate resistance—the gas tube has al- 
most infinite plate resistance when the plate voltage is 
too low to fire the tube, and it has a low plate resistance 
when the tube conducts. Thus the tube is like an efficient 
on-off switch that can be controlled by the plate voltage. 


Inverse Voltage Rating 


As in vacuum tubes, the current in a gas tube should flow 
only from cathode to plate. The maximum negative volt- 
age that you can apply to the plate of a gas tube before 
reverse current flows—that is, the peak inverse voltage 
rating of the tube—is specified in the tube information 
sheets for that type of tube. When using gas tubes, never 
apply an a-c. voltage that exceeds the specified peak in- 
verse voltage. Reverse current, or arc-back, can ruin the 
rectifier because the tube is a low resistance on both 
halves of the applied a-c. cycle, thus increasing the power 
dissipated in the tube. 

The inverse voltage rating of a gas tube decreases as 
the frequency of the applied alternating voltage increases. 
This is because the positive ions normally recombine with 
electrons (and thus neutralize themselves) during the non- 
conducting half cycle. At high frequency, the ions have 
less time to deionize themselves before the peak inverse 
voltage is applied across the tube. 


Ionization and Deionization Time 


In fast-acting circuits, as in radar pulsing, triggering 
circuits, radiation particle counting, etc., the time for 
the gas to ionize and deionize is important. Ionization time 
is the time for the gas to ionize after the proper voltages 
are applied suddenly. Similarly, deionization time is the 
time required for the gas to deionize when the plate volt- 
age is removed suddenly. Although both times are in the 
order of microseconds, the deionization time is several 
times longer than the ionization time. 


GAS-FILLED DIODES 


A gas-filled diode (Fig. 6-2,A), like a vacuum-tube diode, 
has a plate and a cathode. There are two types of gas 
diodes—cold-cathode diodes and hot-cathode diodes. 


Cold-cathode Tubes 


The neon glow lamp (Fig. 6-2,D) is a cold-cathode gas- 
filled diode. When the cathode and the plate have the 
same shape, size, and construction the tube can conduct 
equally well in either direction (depending only on the 
polarity of the applied potential) because both electrodes 
are equally good emitters of electrons. When one electrode 
is many times larger than the other (Fig. 6-2,C) the larger 
electrode (which is the better emitter) becomes the cathode. 
The tube then conducts better in one direction. 

As a cold cathode emits no electrons, the ionization 
process cannot be started by electrons emitted from the 
cathode. The process is started by the few electrons and 
ions that are produced by cosmic-ray and other atmos- 
pheric ionization effects. As there are not many electrons 
to start the ionization, the firing potential for cold-cathode 
tubes is higher than that for hot-cathode tubes. The neon 
glow lamp is somewhat erratic in operation because the 
firing potential varies from time to time. 

The glow tube gets its name from the glow that is 
produced at the cathode when current passes through the 
tube. The glow is caused by the recombination of positive 
ions with emitted electrons. The color of the glow depends 
on the gases that are mixed with the neon in the tube. 
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The glow is produced only at the cathode, or negative 
electrode, where the ions combine with electrons. However, 
when alternating voltage is applied to the electrodes of 
a neon glow lamp, both electrodes are surrounded with the 
glow discharge because each electrode becomes a cathode 
on alternate half cycies. 

A radio-frequency field can cause a glow lamp to ionize, 
Therefore, neon lamps sometimes are used to detect a 
high-power r-f. field. When using a glow tube to detect 
an r-f. field, first tape the glow tube to an insulating 
handle and then bring the glow tube near the resonant 
tank or transmitting antenna that you wish to check, 
As dangerously high d-c. voltages are generally used near 
high-powered r-f. circuits, the handle keeps you from 
touching the circuit. 

The glow tube as a voltage regulator.—Another im- 
portant use of glow tubes is as a voltage regulator. When 
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Fig. 6-4. Grid-contro] characteristic of a thyratron. 


a gas is ionized the voltage drop across the tube is con- 
stant even when the current through the tube varies. 
Therefore, glow tubes are used widely as voltage regulators 
in power supplies. Typical glow-discharge tubes for volt- 
age regulators are (1) the OA3, or VR75, (2) the OB3, 
or VR90, (3) the OC3, or VR105, and (4) the OD3, er 
VR150. These tubes have different gases in them. The 
gas in the VR75 causes a 75-volt drop across the tube 
when ionized; the gas used in the VR105 causes a 105- 
volt drop; that in the VR150 causes a 150-volt drop. 

Fig. 6-3 shows a typical voltage-regulating circuit, and 
also the characteristics of the tube. Note that the voltage 
across the tube remains constant for a 25-ma. current 
change through the tube—from 5 to 30 ma. The dropping 
resistor is used to limit the maximum tube current to 
30 ma. The regulation is done by the tube and the dropping 
resistor. If a change occurs in either power-supply voltage 
or load resistance, more or less current flows through the 
gas tube, but the output voltage remains constant. 

Glow tubes are used also as sources of light, as current 
controls, and as rectifiers. As the voltage drop across cold- 
cathode tubes is much higher than that across hot-cathode 
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gas tubes, the former is less efficient and can not be used 
to rectify high currents. 


Hot-cathode Diodes 


The hot-cathode gas-filled diode, or phanotron, is de- 
signed for use only as a rectifier (Fig. 6-2,A). Tubes of 
this type generally use argon or mercury vapor as the gas. 
They are highly efficient, have low voltage drop from plate 
to cathode (less than 15 ohms), and can supply high 
current (up to hundreds of amperes). 

A bank of large high-voltage mercury rectifier tubes 
is shown in Fig. 6-1. In the mercury-vapor rectifier a small 
amount of liquid mercury is in the tube. The gas is formed 
when the hot cathode vaporizes a small amount of the 
liquid mercury. As these tubes cannot supply their rated 
output until the mercury is vaporized completely, the 
heater potential must be turned on first. Enough time 
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Fig. 6-5. Thyratron operation; A, applied a-c. plate voltage and 


critical grid bias; B, average rectified d.c. through load; C, circuit 
showing alternating voltage applied to plate. 


must elapse for the liquid mercury to become vaporized 
before the plate voltage is turned on. Thermal time- 
delay relays can be used to perform this timing function. 


GAS-FILLED TRIODES 


A gas-filled triode (or tetrode) has a grid that can 
control the firing point, as shown in Fig. 6-2,B. This type 
tube is called a thyratron. The ionization is started by a 
small current from the heated cathode. The grid near the 
cathode controls this small starting current, and hence the 
firing point. The grid-control characteristic of a typical 
thyratron is shown in Fig. 6-4. Note that a grid voltage 
of minus 4 volts (or higher) can fire the tube if the plate 
voltage is 300 volts or more. 

When the grid of a thyratron initiates the plate current, 
the current suddenly jumps to full saturation current. 
After the plate current starts, the control grid has no 
further effect—the grid can be made considerably more 
negative without affecting the plate current. To stop the 
plate current through the tube, the plate voltage must be 
reduced below the extinction point, or the plate circuit of 
the tube must be broken. 

The grid loses control because the positive ions in the 
tube are attracted to the negative grid, thereby destroy- 
ing its negative potential and its controlling action. Other 


ions are attracted to the cathode and neutralize the 
space charge. Therefore, once ionization starts, there is 
no space charge to limit the current and no negative grid 
to control the current—the tube thus passes maximum 
current. 

The thyratron usually has alternating voltage applied 
to its plate, as shown in Fig. 6-5. The tube can conduct 
only on the positive half cycles of the applied a-c. plate 
voltage;'on negative half cycles the tube is cut off because 
the gas deionizes. Thus the negative half cycle is used 
to deionize the tube. A signal applied to the grid can 
control the firing point and, therefore, the amount of time 
the tube conducts on the positive half cycles. 

The critical bias, or the grid bias necessary to fire the 
tube at the applied plate voltage, is shown by the dotted 
line in. Fig. 6-5,A. The heavy curve in Fig. 6-5,A is the 
applied a-c. plate voltage. By applying a pesitive signal 
to the grid the tube can be made to conduct at any de- 
sired time, as shown by the shaded portion of Fig. 6-5,A. 
The average current through the load can be controlled 
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Fig. 6-6. Control of firing peint by phasing of a-c. grid signal. 


by varying the portion of the conducting cycle, as shown 
in Fig. 6-5,B. One of the major industrial uses of thy- 
ratrons is motor control of this type. 

In practice, the conducting period is controlled by apply- 
ing an a-c. signal to both plate and grid, as shown in Fig. 
6-6. By phasing the grid signal, the grid potential can 
be made to exceed the critical bias at any point. For ex- 
ample, if the grid signal lags the plate signal by 155 degrees, 
the tube conducts for only a small portion of the cycle. 
When the grid signal lags by only 30 degrees, the thy- 
ratron conducts for a large part of the cycle. A d-c. motor 
can be controlled smoothly simply by changing the phase of 
the a-c. signal applied to the grid of a thyratron. 

Thyratrons are used also as trigger devices, relays, 
and sawtooth generators. Very little energy is used by the 
control grid to start conduction, yet the tube can pass 
large currents after conduction starts. 

Thyratrons used on low-frequency power, such as 60 
cycles per second, usually are of the mercury-vapor type. 
At higher frequencies—where the ionization and de- 
ionization must be more rapid—helium, argon, and neon 
are used because the positive ions, which are lighter 
than the mercury ions, can move more rapidly and de- 
ionize quicker during the negative half cycles. 


MERCURY-POOL TUBES 


A gas tube requires an ionized gas and a cathode surface 
capable of supplying a large quantity of electrons. Hot- 
cathode gas tubes usually have an oxide-coated thermionic 


Continued on page 78 
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Cities Service Cat-crackers at Lake Charles, La. 


PRIMING FACILITIES FOR UNLOADING CRUDE FROM BARGES 


ARIOUS problems are encountered in unloading 

\ crude from barges, the major one of which is ob- 

taining and retaining suction on the pump used for 
this purpose. If a crude with low vapor pressure is being 
unloaded, the problem is encountered when stripping the 
last crude from the barge because air is pulled into the 
suction during this period. When a high-vapor crude is be- 
ing unloaded, continuous vaporization occurs in the pump 
suction line, which materially increases the unloading time 
and costs. 

We were requested recently to unload crude with 13- 
pound vapor pressure from barges. It was found practically 
impossible to pump this high-vapor-pressure material from 
the barge because the pump elevation was several feet 
higher than the elevation of the barge and vaporization 
occurred in the pump suction. Both centrifugal and recip- 
rocating pumps were available for unloading. 

To overcome this problem the suction lines to the pump 
were streamlined to minimize the pressure drop. This was 
done by replacing all sharp turns or “Y’s” with long-radius 
turns. A vapor separator was installed in the suction of the 
pump to separate the liquid from the vapor. The vapors 
were piped to a steam ejector and exhausted to atmosphere. 
A liquid-level controller with a single-seated control valve 
was installed in the vapor line ahead of the ejector to pre- 
vent the ejector from pumping crude oil and exhausting 
same to the atmosphere. This system has performed satis- 
factorily by reducing the unloading time to 14 of the origi- 
nal. It is very desirable on unloading heavy crudes because 
it reduces the stripping time for the barge. The only objec- 
tionable feature of this system is a slight oil mist carryover 
from the ejector. 

Owing to the successs of this system, we are planning to 
remove the reciprocating pumps originally installed for 
erude unloading and to install priming facilities for the 
other two centrifugal pumps. 


pH CONTROL OF CRUDE-UNIT OVERHEAD WATER DRAW-OFFS 


pH controllers were installed on the north and south 
crude units during the third quarter of 1948. These instru- 
ments have improved the control of the pH on the water 
draw-off from these units and thereby reduced corrosion 
on the overhead condensers. 

Leeds and Northrup instruments with wide throttling 
range and drift correction were used for the installation. 
The control valve, on which a valve positioner was in- 
stalled, was manufactured by Hammel-Dahl. 

Ammonia is used in the crude unit to neutralize the HoS 
and HCl absorbed in the water to control the pH. The re- 
finery has a central ammonia storage-drum from which am- 
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monia is piped to various units. The ammonia is reduced in 
pressure and then is vaporized before reaching the control 
valve which regulates the ammonia usage to the tower, 
The ammonia is fed to the vapor line from the kerosene 
stripper. A sample of water is withdrawn continuously 
from the gasoline water separator through a separate line 
direct to the pH cell. A separate line was found necessary 
because the liquid-level variations caused slight changes 
in the pH reading when the sample was taken from the 
regular water draw-off line. 

No difficulty has been experienced with the control of the 
pH; however, recording the pH presented some difficulty in 
the beginning. We found that if one man did all the main- 
tenance work on the installation, much better results were 
obtained, probably because he became more familiar with 
the equipment. A dry-air bleed was installed in the cover 
of the pH cell to prevent moisture condensation. It was 
found that the pH reading was affected greatly by any 
tower pressure variation caused by the change in solubility 
of H.S at different pressures. 

Fig. 1 shows a test made on the installation to determine 
the dead time and capacity time of the system. All ammonia 
was shut off. After a 3-minute dead time, the pH started to 
drop. After a period of 18 minutes, it reached a minimum 
value. After several minutes, the ammonia was opened 
up. There now was a 2-minute dead time followed by a 


6-minute capacity time before the pH reading lined out | 


at or near its normal value of 7. The relatively large 
capacity time in relationship to the small dead time indi- 
cates that the process should be controllable. 

The above test was conducted manually prior to the in- 
stallation to determine if the process would be controllable. 


STEAM-AIR DECOKING OF FURNACES 


Furnaces in which coke is deposited inside the furnace 
tubes are decoked by steam-air decoking. The coke is burned 
from the tubes by air. The temperature rise is limited by 
diluting the air with steam so that the operation takes place 
at approximately 950 degrees. The decoking is preceded by 
a steam-spalling period, in which steam is fed at a high 
rate through the furnace tubes to remove a large percentage 
of the coke and reduce the time required for steam-air 
decoking. 

Many papers have been written in the past on steam- 
air decoking of furnaces; however, the papers we have read 
in the past indicated that this practice is an art rather 
than a science. After much debate and delay, it was decided 
to put in a test installation at our refinery. Our calcula- 
tions indicate that the practice is a science and not an art. 

The calculations indicate that the steam-air ratio should 
be 10:1 (on a weight basis) to limit the temperature rise 
on combustion to 240 deg. F. The temperature rise is a 
direct function of the ratio of percent of oxygen present 
to the percent of inert material present in the steam-air 
mixture. With pure oxygen, the temperature rise is approxi- 
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flow of 50° Baumé caustic, (6) dual- 
range mercury-manometer flow- 
meters, (7) controlling surging of 
sidestream level, (8) removable ther- 
mowells and protective guards, (9) 
noise reduction at catalytic cracking 
units, and (10) mixers. 








mately 4000 deg. With steam, a temperature rise of zero 
degrees would be expected (Fig. 2). 

Meters were installed on both the air and the steam, with 
the steam meter factor 10 times that of the air meter 
factor. During the burning period, the air-meter reading 
was kept at or below that of the steam reading. During 
the decoking period it was found that a small temperature 
rise occurred in all the tubes in the furnace, rather than 
a ring of fire passing successively through each tube. 

A crude-oil furnace was used for the initial decoking ex- 
periment. At present, plans are being made to increase 
the number of installations on other furnaces. 


REDUCING Loss OF SUCTION PRESSURE IN CENTRIFUGAL 
COMPRESSORS 


Our calculations indicated that considerable air-com- 
pressor capacity was being lost owing to the orifice plate 
located in the suction line. As shown in Fig. 3A, each suc- 
tion line was 30 inches in diameter and 30 feet long. A 
short section of the intake line, 45 inches in diameter, 
supported the hood over the entrance. Air flow to the com- 
pressor was measured by an orifice in the suction line 
about 8 feet above the compressor inlet nozzle. An orifice 
with a d/D ratio of 0.75, flange taps, and a meter range 
of 20 in. of water was used. This represented considerable 
pressure loss in air supplied to the compressor. 

To reduce pressure loss in the suction line to the com- 
pressor, the line was revised as shown in Fig. 3B. The 
orifice was removed and the length of 45-in. pipe was 
increased, replacing the 30-in. pipe from the intake to the 
orifice flanges. The transition piece from the 45-in. to 
30-in. section of line was rolled at an angle of 15 degrees 
with the vertical to form the entrance cone of a venturi. 
The remaining part of the line remained 30 inches in 
diameter, forming a “partial” venturi because there was no 
recovery cone. However, the lack of the recovery cone 
did not result in additional pressure loss because the ven- 
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steam-air decoking. 


Fig. 1. Test showing dead time and response 
time of pH control system. 
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turi pressure drop appeared as an entrance loss in the 
original installation. 

Pressure taps were installed above the entrance cone 
and in the throat below the entrance cone for measuring 
air intake. A flow recorder with a range of 10 inches of 
water was used. The meter factor was calculated by using 
standard venturi flow calculations. A correction factor 
was determined after start-up from a test of all meters 
in the compressor discharge system. 

As a result of the revisions to the compressor suction 
lines, the capacity of the compressors was increased by 
approximately 1.5 percent, with a decrease of approxi- 
mately 1 percent in horsepower. 

The potential earnings of the catalytic cracking units were 
increased by $110,000—based on air supply as the limiting 
factor. The cost of the revisions was less than $1,000 for the 
two compressors. 


CONTROLLING FLOW OF 50° BAUME’ CAUSTIC 


One section of our Treating Plant is a Unisol Unit in 
which it is necessary to measure and control the flow of 
50° Baumé caustic. This was found rather difficult with 
conventional instruments because of the tendency of the 
caustic to crystallize and because materials deposited out 
of the caustic. 

The original installation consisted of a conventional 
mercury-manometer-type flow controller with a double- 
seated parabolic-plug control valve. The maintenance of the 
mercury-manometer seals was excessive, and the control 
valve had a strong tendency to slowly bridge over the 
ports with crystallized caustic and debris until the valve 
was wide open, at which time a slow reduction in caustic 
rate occurred. 


Continued on page 80 


Fig. 3. Suction line to com- . 
pressor. A, original; B, revised. ; \ a4 
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PROCESS CONTROL 


OPTIMALIZING SYSTEM 


By Y.T.LI 
Massachusetts Institute of Technology 


Processes or systems that have a maximum-efficiency operating point can he 
automatically controlled at maximum efficiency by imposing a forcing function, or 
test variation, on the process controller, and by using the resulting output varia. 
tion to adjust the controller automatically. This technique may provide the answer 
to the supreme problem of industrial control—how to match the controller to the 


characteristics of the process. 


Even in “non-optimalizing” processes, the tech. 


nique might provide automatic means for adjusting controller modes. This article, 
of great significance, is presented in three parts, of which this is the first. 


TYPES OF CONTROL SYSTEMS 


PROCESS controller may be defined as a control 
A system which forces an operating system to perform 

a certain task. In general, the purpose of an oper- 
ating system is to produce a required output from a num- 
ber of inputs. The operation by which the output is 
produced may be classified into two types. In the first type 
of operation the output is produced according to a prede- 
termined, physically definable specification. In the second 
type of operation the output is produced with a certain 
optimum performance which does not have to be a known 
quantity. 

A controller for the first type of operating system forces 
the output of the operating system to remain within a 
tolerable deviation from the specified output level. This 
type of controller falls into the category of a performance- 
regulating controller. 

A controller for the second type of operating system 
forces the output of the operating system to remain within 
a tolerable deviation from the optimum output level, which 
is not readily known. A controller of this type is called 
an optimalizing controller; the entire system, including the 
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operating system and the controller, is called an optimaliz- 
ing system. 


AN OPERATING SYSTEM WITH OPTIMALIZING CONTROL 


An operating system in an industrial plant generally 
functions to produce a certain type of output from a num- 
ber of inputs. Both the output and the essential inputs 
may be in the form of certain types of material or certain 
forms of power. The production or consumption of these 
materials, or this power, is the primary concern in the 
operation. 

Fig. 1 is a functional diagram of a generalized operating 
system. In this system an input convertor is shown as the 
essential component of the operating system, which con- 
sumes two actuating inputs to produce a single input-con- 
vertor output. The input convertor also receives one non- 
consuming modifying input. The action of this modifying 
input is to change the functional relationship between the 
actuating inputs and the output. As shown in the figure, 
the actuating inputs and the modifying input are regu- 
lated by suitable input adjustors, and are therefore called 
controlled inputs. In addition to these three controlled 
inputs, there may be a number of uncontrolled inputs, some- 
times called environmental inputs; these are shown by 
dash lines in Fig. 1. The output coupler in Fig. 1 re- 
ceives the input-convertor output and transforms it into 
other useful forms of outputs. 
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Fig. 1. Functional diagram showing the components of a typical operating system. 


Page 72—Instruments—Vol. 25 





as the 
input, 
The co 
vide tk 
closure 
heat ar 
plied t 
output- 








ology 











The internal-combustion engine (Fig. 2) is an example 
of a system with operating components that correspond 
functionally to those of Fig. 1. Fuel may be considered 


as the first actuating input, air as the second actuating . 


input, and ignition timing as the first modifying input. 
The combustion chamber and swept-cylinder volume pro- 
yide the input-convertor function by supplying an en- 
closure in which chemical energy is changed, first into 
heat and then into mechanical output. The output is sup- 
plied to a brake or electrical generator that acts as the 
output-absorbing system. 
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of these inputs. The three-dimensional model shown in 
Fig. 3 has a performance surface that represents the re- 
lationships between brake mean effective pressure 
(B.M.E.P.) as the dependent output, and ignition timing 
and fuel-air ratio as independent variables, subject to the 
conditions that engine speed and fuel flow rate are both 
held constant. The data summarized in Fig. 3 shows that 


‘an optimum point exists at the point marked OP, which 


is the highest point, or the point of maximum B.M.E.P. 

It is this point that must be approached by changes in spark 

advance and air flow during the process of adjusting for 
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Fig. 2. A C.F.R. reciprocating- 
engine as an operating 
system. The C.F.R. engine is a AIR SUPPLY 
single-cylinder test engine, de- 
veloped by the Cooperative Fuel 
Research Committee (now the 
Coordinating Research Council, 
Inc.) for fuel rating. For details, 
see the C.R.C. Handbook (Co- 
ordinating Research Council, 
Inc., 30 Rockefeller Plaza, New 
York, N. Y., 1950) p. 32 
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Fig. 3. Static performance 
characterisitics of the C.F.R. en- 
gine, showing relation between 
brake mean effective pressure 
(B.M.E.P.) as the output and 
ignition timing and fuel-air ratio 
as independent variables — for 
constant engine speed and fuel 
flow rate. The B.M.E.B. is plotted 
vertically. 


When a given load requirement is imposed on the sys- 
tem, one of the actuating inputs must be adjusted to a 
level determined principally by the load. In order for oper- 
ation to be possible at all, the other actuating inputs and 
modifying input must have exact relationships to this 
primary controlled input. The adjustments of these in- 
puts in order to fulfill the given load condition can be made 
by suitable performance-regulating systems. For example, 
a governor and a carburetor may be used together when 
the load requirement is to maintain the speed of the 
engine at a constant level. 

When the input settings are made within ranges that 
allow the system to function, the remaining problem is to 
refine the input adjustments so that the required output 
is obtained with minimum flow rates of the costly inputs, 
or the maximum output is obtained for given flow rates 
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optimum performance with fuel flow and engine speed held 
constant. 

To extend the description of engine characteristics at 
constant speed beyond that given in Fig. 3, a curve family 
(Fig. 4) may be plotted to show the effects of spark ad- 
vance and air flow on break mean effective pressure for 
various fuel flow rates. Another family of curves is re- 
quired to describe the engine performance at various 
engine speeds. 

In principle, the performance characteristic surface of 
Fig. 3 and the curve families in Fig. 4 define the exact 
relationship between the input levels and the load condi- 
tion. Under the assumption that it is possible to build 
these relationships into regulating systems, it should be 
possible to maintain the optimum operating condition by 
means of performance-regulating systems. An aircraft 
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carburetor, for example, is a performance regulator with 
a built-in device for adjusting the several important in- 
puts for near-optimum operating conditions. 

In practice, complete information on engine performance 
is more complicated than that given in Figs. 3 and 4. Engine 
performance is affected not only by the controlled inputs 
and the load conditions, but also by (1) the temperature, 
pressure, and humidity of the input air, (2) the temper- 
ature and quality of the fuel, (4) cylinder temperature, (5) 
exhaust gas pressure, and other environmental inputs. 
A performance regulator that can include all the compli- 
cated relationships between the controlled input and the 
environmental inputs usually is not practicable. 

The principle of the optimalizing-control system discussed 
in this article is to search out the optimum point, such as 
that shown in Fig. 38, by utilizing the nonlinear per- 
formance characteristics between the output and the 
controlled inputs. It is assumed that the operation is 
independent of the complicated relationships of the con- 
trolled input to load conditions and environmental inputs. 

Optimum performance through optimalizing control can 
be accomplished frequently by manual means. An oper- 
ator, with the aid of a suitable output indicating system, 
such as a torque meter, can progressively adjust the ig- 
nition timing and fuel-air ratio to proper settings for 
optimum output. In principle this process, in which the 
operator makes manual adjustments, is a feedback oper- 
ation. The operator correlates the information of the torque 
meter with the input adjustments he has made to determine 
the additional adjustment required. Humanly-controlled 
operating systems are necessarily slow in response, and they 
are generally not satisfactory or practicable in many 
operations. 

An optimalizing-control system operates in principle like 
the human-controlled system described. However, in the 
optimalizing-control system an automatic controller re- 
places the human operator in the feedback loop. The ob- 
servation and correlation of the output with the controlled- 
input adjustment, and the cut-and-try process exercised 
by the human operator, are functions of the controller. 

Fig. 5 is a functional diagram showing the important 
components of a generalized optimalizing-control system 
adjusting a single controlled input, hereafter referred to 
as the input. In this system the input adjustor is oper- 
ated by the optimalizing controller to have a certain ever- 
changing function. The output variation caused by the 
input variation is received by the output receiver, and an 
output signal that is correlated with the input variation 
is produced by the correction-signal generating system. 
The result of the correlation is to generate a correction 
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Fig. 4. Output of engine (B.M.E.P.) versus air supply for several 
constant fuel flow rates. 


signal which is used to adjust the input in a way that 
causes the output to approach its optimum performance 
level. 

Optimalizing controllers offer certain advantages over 
regulators for the control of systems with complex per- 
formance characteristics. One advantage is that the opti- 
malizing controller uses the controlled system itself as an 
instrument for determining the relationship between its 
output and its controlled input. Beyond the assumption 
that some optimum performance condition exists, no knowl- 
edge is required about either the linearity of the system 
or the quantitative values of the coefficients associated with 
the performance of the controlled system. This means 
that the optimalizing controller will always search out 
optimum performance no matter how environmental con- 
ditions or the controlled system may change, so long as 
some optimum condition exists. This fact distinguishes 
the optimalizing controller from regulator systems, which 
must depend on the controlled system in continuously 
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Fig. 6. Performance characteristics of a system adaptable for simple 
regulator-type control, showing output versus input and (insert) output 
deviation versus input deviation from control point. 


maintaining the characteristics used in the regulator de- 
sign. 
PRINCIPLES OF PROCESS CONTROL 


Performance Characteristics of Systems 
Adaptable to Regulator-type Control 


Most controllers are actuated by output deviations of 
the controlled system. This deviation is by definition the 
algebraic difference between the actual level of the con- 
trolled output and some output reference level. The output 
deviation for a simple regulator acting on a system with 
a single essential input is illustrated in Fig. 6. The curves 
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Fig. 7. Typical performance characteristic of a system suitable for 
versus controlled input; 





CONTROLLED SYSTEM SENSITIVITY 


in this figure might represent, for example, the relation- 
ship between the speed of an internal-combustion engine 
as the output and the fuel-mixture flow-rate as the input, 
under one particular load condition while other inputs 
are held constant. (In practice a group of static character- 
istic curves is required to represent the performance of a 
controlled system under all load and environmental condi- 
tions. ) 

The simplest control situation exists in a regulating sys- 
tem which has a constant output reference level that is 
independent of the controlled-system operating conditions, 
as represented by the horizontal dotted line of Fig. 6. The 
actuating input for the regulator is the output deviation 
signal. The arrow in the figure points to an amplified 
section of the characteristic curve near the control point, 
which is a plot of output deviation versus input deviation. 

If an operating system is suitable for regulating control, 
the characteristics must intersect the reference level at 
only one point, which is called the control point. In general, 
within a small range of operation near this control point 
it is possible to represent the input deviation by the output 
deviation signal—that is, the curve is linear. The control 
problem of a regulating system thus becomes that of ad- 
justing the input to make the input deviation approach 
zero. The technique involved in this type of problem is 
common in feedback servomechanisms. 


Performance Characteristics of Systems 
Adaptable to Optimalizing Control 


The effective output reference level for a controlled sys- 
tem is not necessarily constant or independent of operation. 
For example, the effective output reference level for an 
optimalizing controller is the optimum output level, which 
is not constant but is automatically varied, depending on 
the location of the optimum point of the characteristic 
curve for the controlled system, as shown in Fig. 7a. In 
principle the actual controller input must be a signal repre- 
senting the output deviation from the optimum output level 
used as a reference. In practice it is not feasible to generate 
a signal of this kind accurately because of the difficulty 
of continuously producing a signal level representing the 
optimum output level. However, it is possible to obtain 
an indicated optimum output reference that can be used 
to produce the indicated output-deviation signal, which 
in practice can be the essential input for an optimalizing 
controller. The definition of the indicated output-deviation 
signal is illustrated in Fig. Ta. 

Sensitivity.—Fig. 7b shows the sensitivity of the con- 
trolled system as a function of the controlled input. This 
sensitivity is by definition the partial derivative of the 
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output with respect to the input. It represents the slope 
of the characteristic curve of output versus controlled in- 
put, with all other inputs held constant. At the optimum 
point the slope of the characteristic curve becomes zero 
and the sign of the slope changes from positive to nega- 
tive. 

An optimalizing controller is similar in operation to 
a performance-regulating system in one respect—the input 
adjustor of the controlled system is driven to minimize the 
input deviation from the control point. In an optimalizing 
system the control point is the optimum point. 

In Fig. 7b it is shown that the sensitivity of the con- 
trolled system is fairly linear with input deviation from 
the control point. Thus the input deviation from the 
optimum point can be represented by the sensitivity of the 
controlled system in the same way as, in Fig. 6, the out- 
put-deviation signal represents the input deviation for 
the performance-regulating control system. For this reason, 
in an optimalizing system the controlled-system sensitivity 
may be used in a feedback loop to adjust the controlled 
input according to the same principle as that described 
for the performance-regulating system. 

Optimalizing control may be based not only on the 
sensitivity of the controlled system, but also on the indi- 
cated output-deviation signal, which is defined in Fig. 
7a. In, principle, this deviation signa! furnishes information 
as to the magnitude of the input deviation. The sign 
(polarity) of the input deviation may be obtained by a trial- 
and-error procedure incorporated in the operation of the 
controller, so that complete information of the input 
deviation can be obtained from the indicated output. devi- 
ation. 

Signals representing the output from a controlled system 
usually are easy to obtain. This means that the principal 
problem in the design of a controller using output deviation 
as its essential input is to generate an indicated optimum 
output signal which is a close representation of the actual 
optimum output level. When controlled-system sensitivity 
signals are used for control purposes, the reference level is 
zero and thus is simple to realize in practice. On the other 
hand, the problem of generating signals that represent the 
sensitivity of a controlled system is not simple. The several 
possible approaches to this problem lead to various control- 
ler types. 


Types of Optimalizing Controllers 


There are two classes of optimalizing controllers, depend- 
ing on the type of input signal that is used for operation. 
These classes, with sub-classes, are as follows: 

1. Sensitivity-operated controllers 

(a) Sensitivity-signal input controllers 
(b) Continuous-test-signal controllers 
(c) Output-sampling controllers 

2. Peak-holding controllers 

All optimalizing controllers of the first type act by using 
the controlled system itself to generate a signal which 
represents its sensitivity, and then using this signal as the 
essential controller input signal. Optimalizing controllers 
of the second type operate by continuously searching for an 
indicated optimum-output-level signal, which is used in the 
generation of the indicated output-deviation signal. 


OPTIMALIZING-CONTROL TEST-FUNCTIONS 


Optimalizing control depends on a suitable indication of 
either the sensitivity or the optimum output level of the 
controlled system. To generate a sensitivity signal, or to es- 
tablish an indicated optimum level, data from more than 
one operating point are necessary. In practice, some test 
variation of a suitable function with time is applied to the 
controlled input. The test input variation, or forcing func- 
tion, produces a corresponding output variation. By proper 
correlation of the test input variation with the correspond- 
ing output variation, it is sometimes possible to determine 
the input-output sensitivity or the indicated optimum out- 
put level. 

In the vicinity of the optimum level, the input test vari- 
ation produces an output variation which usually remains 
below the optimum output level within an output hunting 
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zone. This output hunting action is responsible for some 
output hunting loss and represents the cost of using opti. 
malizing control. It is desirable to keep the hunting zone as 
small as possible by using the smallest practicable input 
test variations. However, the test variation must be large 
enough to be useful. 


Random-interference Components 


In order to measure the output variation resulting from 
the input test variation, it is necessary for this output vari. 
ation to have frequency components that can be distin. 
guished from output variations caused by random inter. 
ference.* The relative amplitudes of the frequency com. 
ponents making up the output interference spectrum for a 
typical operating system are given in Fig. 8. Drift inter. 
ference is associated with slow changes in the environment 
or internal conditions of the operating system and for this 
reason are made up of low frequencies. High-frequency in. 
terference occurs above some lower limit. Satisfactory 
optimalizing control depends on the existence of some fre. 
quency range substantially free from strong interference 
components. The control problem is to design equipment 
based on test functions with frequency components that 
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Fig. 8. Relative amplitudes of interference components of a_ typical 
operating system as function of frequency. 


may be recognized in the presence of normal output inter- 
ference without causing unacceptably large hunting. In 
general, the test function must be made up of input vari- 
ations that are fast enough to be distinguishable from drift 
interference, and at the same time slow enough to prevent 
confusion with high-frequency interference effects. The 
practical minimum limit for the output hunting zone is 
determined by the success achieved in meeting these condi- 
tions. ; 


SENSITIVITY-SIGNAL INPUT CONTROLLER 


In principle, the sensitivity of a controlled system can be 
obtained by introducing a suitable input variation to the 
controlled system, and then dividing the rate of change of 
the output signal by the rate of change of the input signal. 
The process of taking the ratio between the output rate 
signal and the input rate signal eliminates the time element 
from the function; the resulting quotient is a signal repre- 
senting the sensitivity of the controlled system. For sim- 
plicity in illustration, an input variation with a constant 
rate which can be reversed in direction is considered first. 
This type signal sometimes is called a triangular sawtooth 
signal. 


System With Triangular Test Function 


Fig. 9 gives a typical control diagram for the direct 
sensitivity-signal optimalizing controller. The curves in Fig. 
9b and 9d are the characteristic curves for output and sensi- 
tivity, respectively, both plotted against input. The curves 
of plots (a), (e), and (c) are the controlled input, the 
output rate signal, and the output signal, respectively, all 
plotted as functions of time. The controlled-input variation, 
or test function, is generated by a constant-speed change of 
the input, with reversal at points determined by operation 





* This problem is essentially the same as the signal-to-noise problem in 
all low-level circuits, systems, ete.— 
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Fig. 9. Typical performance characteristics of an operating system controlled by an optimalizing controller of the sensitivity-signal type which 
uses a triangular forcing function. A, triangular-type test signal; B, characteristic curve of system; C, output variations caused by input variations; 


D, sensitivity characteristic of system; E, rate of output variation. 


of the controller. (Note that the use of constant rate is a 
special case; variable rates may be used where required.) 

The sensitivity signal of the controlled system is equiva- 
lent to the output rate signal produced by the correction- 
signal-generating system of Fig. 5. When this output rate 
signal becomes larger than a stabilization-zone limit, the 
system is designed so that the controlled-input adjustor 
drive of Fig. 5 causes the controlled input to change direc- 
tion. This action is illustrated in Fig. 9a. When the output 
signal passes the optimum point and starts to decrease, the 
output rate signal becomes negative and passes through 
the stabilization zone. At the lower limit of this zone the 
direction of the test signal is reversed. The size of the 
stabilization zone is chosen so that the controller does not 
respond to random interference components in the output 
signal. 


Hunting Zone 


Figure 9 shows that the operating cycle continues in- 
definitely. The automatically-controlled triangular test 
signals produce a repeating series of concave output sig- 
nals. The output hunting zone is by definition the difference 
between the highest and lowest output levels caused by 
action of the controller. The effective output (the constant 
output level that would be required to produce the same av- 
erage output as that actually produced by the controlled 
system with the controller operating) is less than the opti- 
mum output level because of the hunting zone. These quan- 
tities are illustrated in Fig. 9c. This diagram also shows 
the output hunting loss, which is the difference between the 
optimum output and the effective output. 

In many practical situations the input-output character- 
istic near the optimum point can be approximated by a 
parabolic curve. When this approximation is valid, it can be 
shown that the output hunting loss is one-third of the hunt- 
ing zone. Although the one-third factor may not apply 
accurately in all cases, it is reasonable to assume that the 
output hunting loss will always be some fraction of the 
output hunting zone. This means that one of the prime ob- 
jectives in optimalizing-controller design is to reduce the 
output hunting zone to the lowest feasible magnitude. 


Output Recovery Time 


Fig. 9c shows another performance characteristic of the 
optimalizing system— the output recovery time. The output 
recovery time is defined as the time required for the con- 
trolled system to pass through 95 percent of the required 
output correction from an arbitrary initial setting which 
is different from the final effective output level. The choice 
of 95 percent, instead of the complete initial correction, for 
the definition of recovery time simplifies measurements by 
allowing the terminal instant to be taken when the rate of 
change of output is still large enough for accurate obser- 
vations. Furthermore, if the controlled system follows an 
approximately exponential law, the recovery time is equal 
to three characteristic times* of the exponential. 


In practice, controlled systems are often subjected to 
sudden changes in operating conditions. Short recovery 
times are necessary to minimize output losses during the 
periods following changes, and to insure stable operation. 

The direct sensitivity optimalizing controller described 
in Figs. 5 and 9 represents the simplest design for an opti- 
malizing controller. For this reason it has been used to 
illustrate the concepts associated with controller perform- 
ance and to establish the requirements for operation, al- 
though superior results may be achieved with other arrange- 
ments. The primary difficulty in a sensitivity optimalizing 
controller is that the control signal is produced by differ- 
entiation of an output signal. As differentiation increases 
the effects of high-frequency interference components, rela- 
tively large stabilization zones must be used. If the controlled 
system has small high-frequency interference components, 
direct sensitivity control may operate properly. On the other 
hand, the interference components present in the output of 
a piston-type internal-combustion engine are so large that 
the necessary stabilization zone does not permit close output 
control. 





* By definition, characteristic time is identical with the conventional 
time-constant for a simple resistance-capacity network. It is the constant 
1/k in the expression e-**, or the time for an exponential curve to pass 
through 63.2 percent of its total amplitude. 


Continued next month 
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EXACT WEIGHT 
Shadograph in a small 
animal weighing op- 
eration for laboratory 
experimental purposes. 


Precision Equipment 
for Small Animal 
Weighing... 


Weigh a mouse? What an unusual request 
but more unusual an order for an EXACT 
WEIGHT Scale a little later. But that has 
been many years then 
thousands rats, 
guinea pigs, and rabbits in laboratories from 
coast to coast have been handled on many 


ago now. Since 


upon thousands of mice, 


models of these well-known industrial pre- 
cision scales. In the past our mechanical 
models were used . . . fitted to the operation 
desired ... 
small animal experiments to a fraction of 
the time required with ordinary even bal- 
ance scales. Today these types of experi- 
ments in laboratories as well as numerous 
other laboratory proceedure are handled by 
EXACT WEIGHT Shadograph ... 
that is electrically operated . . . uses a light 


cutting weighing time in volume 


a unit 
ray instead of mechanical indication . . . has 
tremendously wide range in sensitivity, ac- 
curacy and capacity as well as high speed 

operation not present in most other 


ee ; 
Sales and Service weighing units for laboratory work. 


fromcoasttocoast” write for details for your particular task. 


EXACT WEIGHT SCALES 


kh 
THE EXACT WEIGHT SCALE COMPANY 


951 West Fifth Avenue, Columbus 8, Ohio 
2920 Bloor St., W. Toronto 18, Canada 
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INSTRUMENT ELECTRONICS 


Oontinued from page 69 


emitter. Mercury-pool tubes use a pool of mercury to 
supply electrons. 

An are must be struck at the surface of the mercury 
before the mercury emits electrons. This arc is struck by 
an electrode, called an igniter, which usually is made of 
silicon carbide and projects into the pool of mercury, as 
shown in Fig. 6-7. The igniter is connected to an auxiliary 
tube that supplies the starting current of about one ampere 


to the igniter. 
3 


Fig. 6-7. Mercury-pool tube. 


At the instant that an are forms between igniter and 
mercury pool, a spot is formed on the pool and the mercury 
vapor in the tube ionizes. The spot, which acts as a 
cathode, can emit a large current—10,000 amperes can 
be drawn from a mercury spot only 1 inch in diameter, 

Mercury-pool tubes have the advantage of requiring 
no heated cathode, as does a thyratron. However, the 
power required by the igniter is much larger than the 
power required by the thyratren grid. Hence mercury- 
pool tubes are used mainly for high-power applications 
requiring hundreds or thousands of amperes. In such large 














Fig. 6-8. 


Construction of an ignitron. 


sizes, the mercury-pool “tube” is a steel tank, 10 or 15 
feet in diameter, with many anodes and an _ integral 
vacuum-pumping system. 


| Ignitrons 


Modern mercury-pool tubes with improved arc-starting 
rods are known as ignitrons. Fig. 6-8 shows the construc- 
tion of a typical ignitron. Cooling water flows between 
the tube and the outer shell. 

The ignitron is used widely in resistance welding. It can 
supply a 50,000-ampere current for several cycles for a 
spot weld. 

COMPARISONS 

The ignitron, thyratron, and phanotron are all recti- 
fiers—that is, when a.c. is applied to the tube and a load 
in series, only pulsating d.c. flows through the circuit. 
The ignitron can carry a heavier current than the thy- 
ratron or phanotron. The phanotron has no control grid 
(like the thyratron) or igniter (like the ignitron). Hence, 
unlike the latter two, the phanotron can not be used for 
smooth control of current. 
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TEST ITEMS FOR—VI. GAS-FILLED TUBES 


6-1. A gas-filled tube differs 
from a vacuum tube in that the 


(a) is not evacuated 

(b) is available as a diode, tri- 
ode, or tetrode j 

(c) can carry large plate cur- 


rent 
(d) has high plate resistance 
6-2. A tube with high efficiency 


(a) low plate resistance 
(b) low plate current 
(c) high vacuum 

(d) high pressure 


6-3. The grid in 4 gas-filled tube 
differs frem that in a vacuum tube 
in that it controls the plate current 

(a) by being near the hot cath- 

ode 

(b) at all times 

(c) only until the gas ionizes 

(d) only after the gas ionizes 


6-4. Gas molecules that lose elec- 
trons are called 

(a) negative ions 

(b) positive ions 

(c) saturation current 

(d) space charge 


6-5. Saturation current can flow 
through a gas tube as soon as the 
gas ionizes because the 

(a) gas ions neutralize the 

space charge. 

(b) gas ions move to the plate 

(c) tube is operated with high 

negative bias 

(d) tube is operated with high 

positive plate potential 


6-6. A gas tube has an ioniza- 
tion potential below which no plate 
current can flow because the 

(a) positive ions move toward 

the cathode 

(b) gas is a good conductor 

(c) electrons must reach the 

plate 

(d) electrons must reach a high 

velocity 


~~ 


6-7. In a gas tube, the plate po- 
tential at which the ionized gas 
deionizes is known as the 

(a) firing potential 

(b) striking potential 

(c) extinction potential 

(d) inverse voltage rating 


6-8. The inverse voltage rating 
of a gas tube differs from that of 
& vacuum tube in that the former 

(a) is the maximum voltage by 

which the plate can safely 
be more negative than the 
cathode 

(b) decreases with the fre- 

quency of the applied sig- 
nal 

(c) can damage the tube if 

exceeded 

(d) applies to diodes only 


6-9. The ionization and deion- 
ization times of gas tubes are in 
the order of 

(a) microseconds 

(b) milliseconds 

(ec) seconds 

(d) minutes 


6-10. A neon glow lamp can 
conduct equally well in both direc- 
tions because both electrodes are 

(a) heated to the same tempera- 

ture 

(b) both the same size and con- 

struction 

(c) made in the form of grids 

(d) voltage regulators 


6-11. The glow that occurs in 
gas tubes is caused by 
(a) electrons striking the plate 
(b) electrons striking the grid 
(c) ejection of electrons from 
gas molecules 


(da) recombination of positive 
ions and electrons 


6-12. A glow tube can be used 
as a voltage regulator because the 


(a) extinction and ionization 
petentials are the same 

(b) voltage drop across the tube 
is independent of the cur- 
rent 

(c) tube current is independent 
of voltage applied across 
the tube 

(d) voltage drop is independent 
of the type of gas in the 
tube 


6-13. The hot-cathode gas-filled 
diode is called a 


(a) phanotron 
(b) rectifier 

(c) gas tube 
(d) all the above 


6-14, When using mercury rec- 
tifier tubes, it is important that 

(a) the heater potential be ap- 
plied before the plate po- 
tential 

(b) the grid potential be ap- 
plied before the plate po- 
tential 

(c) the current be kept at a 
low value at all times 

(d) all the above 


6-15. A thyratron is a 


(a) hot-cathode gas diode 
(b) cold-cathode gas diode 
(c) grid-controlled gas tube 
(d) phanotron 


6-16. The plate current through 
a thyratron can be stopped by 

(a) reducing the grid potential 
to cut-off 

(b) reducing the plate potential 

(ce) applying extinction poten- 
tial to the grid 

(d) all the above 


6-17. A thyratron with an a-c. 
plate voltage can be made to con- 
duct for any portion of the 

(a) positive half cycles of plate 
voltage 
negative half cycles of plate 
voltage 
(c) entire a-c. plate cycle 
(d) ionization time 


(b 


~ 


6-18. When a thyratron is con- 
trolled by an a-c. signal applied to 
the grid, the average output cur- 
rent is controlled by varying the 

(a) temperature of the cathode 

(b) amplitude of the plate vol- 

tage 

(c) instantaneous plate current 

(d) phase of the grid signal 


6-19. The cathode in a mercury- 
pool tube is the 

(a) oxide-coated emitter 

(b) igniter 

(c) mercury spot 

(d) ionized gas 


6-20. A disadvantage of mer- 
cury-pool tubes over thyratrons is 
that the former 

(a) requires no heated cathode 

(b) can supply larger currents 

(c) requires igniter power 

(d) all the above 

6-21. The function of the igniter 
in & mercury-pool tube is to 

(a) initiate the mercury spot 

(b) produce the vacuum 

(c) deionize the gas 

(d) supply current to the grid 


6-22. Which of the following gas 
tubes has ne provision for control- 
ling the firing point? 

(a) Ignitron 

(b) Thyratron 

(c) Phanotron 

(d) All the above 
































Dekown 


PLASTIC ARMORED METAL 


- 


FIRST—Dekoron tubing costs less than 
expensive alloy instrument tubing 
... conserves hard-to-get critical 
materials, too. 

SECOND — Dekoron outlasts every 
other type tubing which Samuel 
Moore & Company has studied...has 
outlasted every kind of tubing which 
customers have reported trying. 





Dekoron tubing still in good condition 
after 2 years’ exposure to deposits high in 
hydrochloric acid. Copper was destroyed 
in 18 months. 


Dekoron tubing is not metal only, not 
plastic only—it combines the advantages 
of both materials. Dekoron has a thick, 
corrosion-resistant coating of polyethylene 
or vinyl plastic tightly extruded over steel 
tubing. Or for special installations, copper 
or aluminum can be used. 

Lengths of Dekoron tubing are joined 
with standard fittings covered with plastic 
tape to make the complete installation im- 
pervious to corrosive fumes from acids and 
alkalies, moisture, salt air, oils and grease. 
No expensive painting or other mainte- 
nance is required. 

If you have a corrosion problem, write 
for data sheet “Dekoron—a better kind of 
corrosion-resistant instrument tubing.” 
Tells how Samuel Moore & Company coats 
customers’ tubing and lowers costs. 4-46 


SAMUEL MOORE & COMPANY 


Dekoron Tubing Division 
MANTUA, OHIO 





January 1952—Instruments—Page 79 








| GEAR-DRIVEN PNEUMATIC OPERATOR 
® FOR THROTTLING CONTROL SERVICE 








T. 
STEM TRA 
ut VEL 
y miettling 3,882”? 
Vv. ce 
A wholly new and dif- 


ferent valve operator 
employing a reversible 
pneumatic motor and a pre- 
cision gear driven screw stem, 
with these AMAZING ad- 
vantages: 


Operates on 100 psi supply— 
Sensitivity to instrument pres- 
sure changes as small as .025 psi 
—Perfect stability—Self- 
locking stem—Continuously con- 
nected handwheel—Stem loads up 
to 40,000 lbs. —Stem travels up to 24” 
Stem speeds up to 36” p.m.—Com- 
pact design. 


So different, you will want to investigate 
its possibilities immediately. 








Lowest Noise Level 
Highest Zero Stability 





of any 
Commercially-built 
D-C Amplifier 
available today make the 


LISTON-BECKER Model 14 
Breaker-type D-C AMPLIFIER 


an essential tool for the most exacting de- 
terminations in such diverse fields as chemo-. 
therapy, optical pyrometry, physiology, 
precision calorimetry, and scores of other 
applications requiring the highest accuracy. 
Bulletin on Request. 


/ LISTON-BECKER Dept N 


Instrument Co., Inc., Stamford, Conn. 
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REFINERY CONTROL PROBLEMS 


Continued from page 71 


The mercury manometer was replaced by a “Foxboro 
D/P” cell. The “D/P” cell was mounted as close as pos 
sible to the orifice flange, supported only by its piping, 
After steam tracing the installation we found the meag. 
urement problem was whipped. 

Controlling—the second half of the preblem—was solved 
by designing and using a piston-type valve. The valve, ag 
shown in Fig. 4, consists of a conventional control-valve 


__STEM 
RECESSING & THREADED 


.__ BODY 


Uf, — THREAD 


Fig. 4. Control valve de- 
signed for controlling flow of 
Baume caustic. 
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| diaphragm and yoke, and a newly designed valve body 
with a cylindrical plug. Tight shut off was not essential. 
| A somewhat balanced plug was obtained by cutting a slot 
| on the downstream side of the plug. This equalized the 
pressures on the top and bottom of the plug. Our instru- 
ment men refer to this valve as the “bone crusher.” 


Yt, 





DUAL-RANGE MERCURY-MANOMETER FLOWMETERS 


The mercury-differential-type flowmeter in its standard 
simple form (with cylindrical mercury chambers and 
square-root flow scale) is limited in usefulness where there 
are wide changes in rate of flow. The rangeability, or 
ratio, for reasonably accurate flow readings is about 3 to 
ZL. 

There are innumerable flow measurement and control 
applications where the maximum rate may be six or more 
times as great as the minimum flow. A few examples are: 
Seasonal changes in heating steam load; variations in feed 
and product rates on a refining process caused by fluctua- 
tions in supply, demand, and compositions; and variations 
in solvent feed ratio requirements with changes in types 
of charging stock. 

Numerous flowmeter designs and arrangements are avail- 
able for improving the rangeability of the conventional 
square-root flow scale. Dual-range meters of a somewhat 
novel design (Fig. 5) have been used successfully on sev- 
eral applications in our Lake Charles refinery. The design 
may be found useful in other plants. 

Fig. 5 shows the arrangement of the mercury chambers, 
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Fig. 5. Arrangement for increasing the rangeability of a mercury 
manometer. 
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CQNTROL 


KEMP DYNAMIC DRYERS DRY 
INSTRUMENT AIR TO LOW DEW 
POINTS FOR AS LITTLE AS 4c PER MCF. 


Kemp Dryers save industry thousands of dollars a 
year — because they protect costly instruments from 
damage due to moisture in the air or air source. 
Operation is guaranteed to your specifications, and 
standard models are available for any instrument 
air drying operation—whether it’s large or small. 
Send For Information. Kemp has a Dynamic Dryer 
designed for every application. Find out how Kemp 
can solve your problem. Write today —no obligation. 


hEMP DYNAMIC DRYERS 


Write for Bulletin D-27 for tech- 
nical information. C. M. KEMP 
Mrc. Company, 405 E. Oliver 
OF BALTIMORE _ Street, Baltimore 2, Maryland. 


CARBURETORS @ BURNERS @ FIRE CHECKS @® ATMOSPHERE 
GENERATORS @ ADSORPTIVE DRYERS e@ METAL MELTING UNITS 


SINGEING EQUIPMENT @ SPECIAL EQUIPMENT 








NEW 
ELECTRIC 






“CS” and “Y” 
ELECTRIC 
PRODUCTIMETERS 
The answer to all 
electric counting 
requirements 


Two Companion Counters . . . Two Sizes ... 
Hi-Speed... Accurate ...Long Life...Totally Enclosed 


Speeds of 1000 counts per minute. Both counters give 
maximum readability. Design fits all mounting conditions 
+ « » panel mounting or base mounting. Hardened steel 
working parts for long life and dependability. 

New type case for compactness, rigidity, and protec- 
tion against dust and moisture conditions. Operate accur- 
ately over wide current fluctuations. 


DURANT MANUFACTURING CO. 


write for 
“New 1914 N. Buffum St. 114 Orange St. 
Electrics” Milwaukee 1, Wis. Providence 3, R. |. 
Bulletin Representatives in Principal Cities 


rT Xo) Jai iaga 





since 1879 | Coed Everything } 


FOR CONSTANT DEPENDABILITY 
Justall 


MUELLER 


DIALS qnd 
RECORDERS 














FOUR GENERATIONS have depended upon the 
accuracy of Moeller instruments. 
FOUR GENERATIONS have relied upon the un- 
failing precision of all Moeller products. 
Eighty years of such confidence in proven per- 
formance establishes the name Moeller as a guar- 
antee of perfection in the engineering and manu- 
facture of temperature indicating and recording 
instruments, 

Send for catalogs and cory on 


INDUSTRIAL, LABORATO 
AND RECORDING THERMOMETERS 








AND 


MOELLER 


INSTRUMENT -COMPANY 
132nd ST. and 89th AVE. + RICHMOND HILL 18, N. Y. 





MARINE SPECIALTIES 


Representatives in Principal Cities 
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Just 
Roll It Up 
and Tuck It 
Away 


No more cumbersome 2’, 3’, or 4’ 
manometers to cart around. This new flexible 
Dwyer Manometer will fit into your pocket or 
the corner of your service kit. This revolu- 
tionary instrument is fabricated of tough, vinyl 
plastic that will serve for years. The plastic 
scale is firmly supported between the tubes. 
Standard ranges from 8 in. to 6 ft. of water 
or mercury. It is highly accurate, easy to read 
and convenient. Nothing like it for field work. 
Write for complete information. 






305 South Western Ave., Chicago 12, Ill. 






















Quiet! Forty million 


Cfelechwon motors at work! 


TODAY, in instruments and other devices, more than 
forty million Telechron synchronous motors are at 
work...quietly serving the nation’s industries, labo- 
ratories and homes wherever accuracy, dependability 
and long life are vital. 

As accurate as current itself, the Telechron motor’s 
light rotor is perfectly synchronized with AC im- 
pulses. It responds immediately and reaches full 
speed in a fraction of a second. 

It’s a fact that the rotor shaft bearing of a Telechron 
motor has never worn out, as long as lubrication is 
constantly maintained. 

For complete specifications on the full line of 
Telechron motors, write for booklet IS-120. Telechron 
Dept., General Electric Company, 61 Homer Avenue, 
Ashland, Massachusetts. 


Type B3 Motor—For medium-duty switch- 
~ wel ing, controlling and recording-controlling, 
——— such as time switches, business machines, 
S ans and recording instruments. 
a » Type C5 Motor—For heavy-duty timing, 
“ switching and controlling, such as traffic 
controls, airfield landing lights, tower 
clocks and instrumentation, 
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U-tubes, and valve manifolds, and also the mercury levels 
under various conditions. The standard float chamber, 
shown at the left, is on the high-pressure, or upstream, 
side of the orifice. The auxiliary range tube is shown in the 
center; the so-called high-range tube is shown at the right, 
In operation on low-range service, valve “A” is closed and 
valve “B” is opened to place the two range tubes in par. 
allel, both on the low-pressure, or downstream, side of the 
orifice. The mercury levels rise simultaneously in these two 
tubes as the differential pressure increases. The two range 
tubes are the equivalent of one large-diameter range tube, 

For high-range service, valve “B” is closed and valve 
“A” is opened to place the auxiliary tube in parallel with 
the float chamber. When the differential pressure increases, 
the mercury levels fall simultaneously in the float and 
auxiliary chambers, and rise only in the right-hand, or 
high-range, tube. This is the equivalent of a large-diameter 
float chamber and a relatively small-diameter range tube, 

With this design it is possible to change from low to 
high range or vice versa by manipulating valves “A” and 
“B,” without zeroing the meter. On a sealed meter, how- 
ever, it is desirable first to equalize and zero the meter in 
the conventional manner. Otherwise some loss of sealing 
liquid and unbalancing of the seals would take place after 
repeated range-changing. 

Dual-range flowmeters are now available from several 
manufacturers, usually in flow range ratios of 2 to 1. Flow 
range ratios of 3 to 1 would be more desirable. 

For those who find a need to build their own dual-range 
meters, the diameters of the auxiliary and high-range 
chambers can be calculated easily from formulas which 
have been derived from simultaneous algebraic equations, 
The known conditions to be substituted in the formulas 
are (1) the desired high and low differential ranges ex- 
pressed in inches of water dry calibration, (2) the float 
chamber diameter, and (3) the float travel for full-scale 
deflection. 


A PROCESS CONTROL PROBLEM: SURGING OF SIDESTREAM 
LEVEL CONTROLLERS 


A condition which demanded attention existed in our 
sidestream strippers at the Crude Topping Units and Fluid 
Catalyst Cracking Units. 

The level-measuring devices were displacement-type 
“leveltrols.” At the Crude Topping Units the level instru- 
ments were controlling the valves directly, with the con- 
trolled air showing percentage of valve opening on indi- 
cating gages in the control rooms. At some Fluid Catalyst 
Units the level instrument transmitted to instrument-type 
recording controllers. 


The condition demanding attention was an erratic cy- 
cling of the level instruments and control valves. The pul- 
sations varied in time from several per minute to one in 
three minutes, and in intensity from 1-psi. to 5-psi. change 
in the controlled air pressure (Fig. 6). This condition was 
determined by connecting a pressure recorder into the 
output air lines between the level controllers and the valves. 

An experiment was conducted to see if this condition 





Fig. 6. Stripper-level records. Left, without purge; right, with and 
without purge. 
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Type 7200—Flanged Motor operated 


FLex-VALVE is the ideal choice for handling such 


materials as those listed—either dry or in suspension—at 


alignment. 


> materials. 


temperatures up to 210 deg. 


Resists both abrasion and corrosion; eliminates 


ey clogging, plugging, building up; absorbs vibration and mis- 


Open—it’s as free of obstruction as the pipe itself. 


Closed—it’s bubble-tight and it closes tight on all of these 


Available in either hand or air operated types in 











sizes from 4 to 12 in. 
Users have found FLEx-VALvE to be the low-cost 


FLGEX solution to tough valving problems, If your present 
valve’ Valves aren’t 100% effective, take a look at this one. 
Catalog 455 gives details. 


Flexible Valve Corporation 


336 COMMERCIAL AVE. * PALISADES PARK, N. J. 

















PYRHELIOMETER 


For the Measurement of 
SOLAR RADIATION 












Eppley Pyrheliometers are used for solar 
radiation measurements at ninety-eight 
weather stations in the continental Un‘ted 
States, Canada, Alaska, Greenland, Ice- 
land, Caribbean Sea, and the Pacific 
Ocean. Sixty-two of these stations are 
under the direction of the United States 


Weather Bureau. 


The Eppley Pyrheliometer was adopted 
as standard equipment by the Weather 
Bureau after considerable experimenta- 
tion. It was found to be the best instru- 


ment so far tested by the Bureau. 


Used in conjunction with a suitable re- 
corder, the Eppley Pyrheliometer will 
provide an accurate and reliable record 
of total solar and sky radiation on a 


horizontal surface. 


Bulletin No. 2 On Request 


THE EPPLEY LABORATORY, INC. 


Scientific Instruments 
Newport, Rhode Island, U.S.A. 
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FOR YOUR PANEL 


A NOVEL and UNIQUE CIRCUIT INDICATOR 


DESIGNED FOR 
NE-51 NEON LAMP 
For 110 or 220 
volt circuits 
The required resistor 
is an integral part 
of this assembly 
—‘“‘built-in.” 


RUGGED 
DEPENDABLE 
LOW IN COST 


ae No. Sane Cat. i — “a 
WILL YOU TRY A SAMPLE? 


Write on your company letterhead. We will act at once. 
No charge, of course. 
SEND FOR THE 192 PAGE HANDBOOK OF PILOT LIGHTS 
Among our thousands of Pilot Light Assemblies there is one 
which will fit your special conditions. Many are especially 
made and approved for military use. We pride ourselves 
on prompt deliveries—any quantity. 


ASK FOR OUR APPLICATION ENGINEERING SERVICE 
Foremost Manufacturer of Pilot Lights 
The DIAL LIGHT COMPANY 
of AMERICA 


900 BROADWAY, NEW YORK 3, N. Y. 
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SPRING 7-1300 











STATHAM 
LINEAR ACCELEROMETERS 


The transducer in all Statham Linear Accelerometer models is an 
= acA f jes. ir 1 


e wire t. The dual role of strain sensitive 
resistance wire—as the spring support for the seismic mass—and as 
the transducer—accounts for the high natural frequency not usually 
attained in other instruments. : 

The internal electrical network, a complete Wheatstone bridge 
permits simple external circuit arrangements. A broad selection ‘of 
bridge resistance values is provided to meet the requirements of in- 
dicating, recording, and telemetering systems. 

The Model ASA illustrated is now being manufactured in an ex- 
tended series of ranges from + 8g to + | full scale. This and 
other models, including the F Subminiature (we gc 26 grams), are 
finding increasing service in the measurement of static and dynamic 
acceleration. 





Bulletin No. 4.0 includes comprehensive 
data on all standard models. Inquiries 
concerning application problems ma 
be directed to our engineering staff. 


LABORATORIES 


SCIENTIFIC INSTRUMENTS 


12401 W. Olympic Blvd. Los Angeles 64, Calif. 
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could be corrected. A natural-gas purge line was connected 
to the top of the float cage. Gas was pressured through a 
restriction orifice into the vapor space of the float cage, 
After fifteen or twenty minutes, the surging stopped, ag 
shown in Fig. 6. 

It was determined that steam was condensing in the top 
of the float cage. The condensed drops of liquid were falling 
to the lower portion of the float cage and hitting the hot 
oil. They would flash vaporize, causing a reaction similar 
to a miniature explosion, raising the pressure in the upper 
section of the float cage and thus causing the oil to flow 
back into the stripper through the lower float connection, 
The instrument was giving the true level within the float 
cage, but this level did not correspond with the level in 
the stripper. 

Introducing the gas purge prevented the steam and light. 
oil vapors from entering the float cage and thereby elimi- 
nated the trouble. Two other methods of combating this 
problem have been used successfully—namely, steam jacket- 
ing of the float cage, and hot-oil purge of the float cage, 


REMOVABLE THERMOWELLS AND PROTECTIVE GUARDS 


The feed lines to the reactor of a fluid catalytic cracking 
unit contain oil vapors, steam, and catalyst flowing at a 
velocity of approximately 60 feet per second. As the size 
of catalyst particles ranges from 0 to 80 microns, main. 
taining thermocouple cells in these lines is a serious prob- 
lem. A bare thermocouple well without a guard lasts only 
3 to 4 weeks. These thermocouples are the primary ele- 
ments of the two temperature controllers by which the 
cracking reaction is controlled at about 900 deg. F. The 
controllers position 30-in. slide control valves which control 
the flow of 1100-deg. regenerated catalyst from the regener. 
ator to the feed lines and thus to the reactor. 

In crude-oil refining, the operating units, until recent 
years, were off stream frequently for clean-out. Thus the 
replacing of thermocouple wells and guards was simply a 
matter of routine maintenance. At present, however, the 
“Cat Crackers” are setting records one after another for 
length of runs. Consequently some means had to be found 
to keep thermocouple wells in lines of severe service during 
the long runs. 

The thermocouple guards, which were 3-in. angle-iron 
per contractor specifications, were redesigned to break the 
catalyst flow as smoothly as possible, thus cutting down 
on the eroding effect. The point had to be considered that 
if the guard was made too big, the thermocouple would be 
pocketed in a dead space, thus losing its sensitivity to tem- 
perature changes. An iron-wedge guard 10%-in. high, 2%4-in. 
wide, and 8-in. long was installed with the knife edge fac- 
ing the flow 1-in. upstream of the thermowell. This was 
found to outwear all designs tried. Tests on alloy coating 
of the wedge guards are under way at present. 

The long duration of the “Cat Cracker” runs made the 
aforementioned experiments very slow; it was sometimes 
well over a year before we could see the results of our 
ideas. Thus, additional means had to be employed to keep 
the thermocouples in these lines after the catalyst had 
eroded through both the guards and the well. 

A removable thermocouple-well assembly was devised, 
consisting of a 1%-in. collar welded to the line, to which 
was screwed a special 1%4-in. x 3-in. nipple, a 1%4-in. gate 
valve with a steam connection in both bonnet and bottom, 
a special 1%4-in. barrel with 2-in. stuffing box on the outer 
end and a steam connection on the vessel side of the pack- 
ing, a packing gland, and a special 25-in. ball-and-socket 
thermocouple-well without taper. A %-in. cock, installed on 
the head end of the thermowell, could be closed if. the 
well tip eroded away. The thermocouple well projected 
6 to 8 inches into the line. As the barrel assembly is 
larger than this, it is possible to loosen the packing and 
pull out the well far enough to permit closing the 1%-in. 
gate valve before the eroded part of the well came into 
contact with the packing. 

As the reactor carries only 15 psig., the packing is 
always in contact with the good part of the well. Snuffing 
steam (steam used to snuff out a fire) is used at 3 points on 





































































BALDWIN SR-4 
“LOAD CELLS 


NOVEL, FAST ELECTRONIC WEIGHING 
SPEEDS ALLOY STEEL MIXING 


To produce small batches of alloy steels to exact chemical 
analysis, this steel maker built Baldwin SR-4 Load Cells 
into ladle supports. As needed, the weight of molten metal 
is quickly, accurately read on an indicator in a control 
pulpit . . . the exact amount of alloy to be added is deter- 
mined, as is the number of ingots that can be poured. 

Great economy has been realized . . . efficiency increased 
..» alloy composition accurately predetermined. 

Wherever there is a difficult — in measuring 
torque, pressure, explosions, depth, weight, others, SR-4 
measuring devices frequently offer an easy solution. Write 
for full information. 















<- BALDWIN -LIMA -HAMILTON 


TESTING HEADQUARTERS 
Philadelphia 42, Pa. 
In Canada: Peacock Bros., Ltd., Montreal, Quebec 





Actuated by an electrical impulse . . . operates on 
the output of a scaler, photo tube, limit switch or any 
similar device. Records counts with relation to time and 
quantity on a roll of tape .. . automatically resets to 
zero. 


In Radioactive Research, it saves precious man hours 
and results in greater economy and efficiency. 


In Industry it maintains a permanent record auto- 
matically, recording production and time each hour. 


Whatever your counting problems, our Engineering 
Department can adapt these Recorders to meet your 
particular need. 


AUTOMATIC 
WEIGHT 
RECORDERS 
Write for interesting 


Booklet SC 13 





STREETER-AMET COMPANY 


4101 N. RAVENSWOOD AVENUE + CHICAGO 13, ILLINOIS 


WEIGHT RECORDERS: HI- SPEED COUNTERS 




















































®@ Now, instead of standing on a step 
ladder—as when reading long range, 
single column manometers—the op- 
erator can read high range pressures, 
vacuums, and differentials from the 
floor level. 


This new manometer development— 
the DUAL-TUBE, Meriam Model 
M-100 — consists of two separate 
manometer tubes in the same case— 
each tube with individual well. The 
left tube has a scale increasing up- 
ward; the right tube a scale increasing 
downward. Both tubes are connected 
in parallel to the same pressure source. 
The instrument is ideal as a calibrat- 
ing standard manometer for checking 
flow meters, pressure gauges, and 
other secondary units operating on 
pressure or vacuum principle. It is 
direct reading. Since both tubes indi- 
cate the same reading, the operator 
can choose the one most convenient. 


It helps avoid accidents, saves time 
and effort in reading. Of simple, rug- 
ged construction, it is built in accord- 
ance with Meriam standards of ac- 
curacy and sensitivity for long, reli- 
able service. Ask for Catalog Sheet 
M-100WM. 


THE MERIAM 


INSTRUMENT COMPANY € 
10958 Madison Ave. * Cleveland 2, Ohio 
WESTERN DIVISION: 4760 E. OLYMPIC 
Bivd., LOS ANGELES 22, CALIF. 
IN CANADA: PEACOCK BROS., LTD., 
MONTREAL 
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MARSH INSTRUMENT CO. = 
Soles offiliate of Jas. P. Marsh Corp., DEPT. 42. SKOKIE, ILL. 
Export Dept., 155 East 44th Street, New York, New York 















of STROKE 
rotate 
REVOLUTION 
COUNTERS 





BETTER beyond comparison 


say thousands of users 


Used by the thousands 
in Auto and Aircraft 
Factories, Metal Work- 
ing, Die Casting, Plastic 
Molding and Stamping 
Plants. 


Rugged as an army tank, yet 
operate smooth as a watch. 
Precision built of life-tested 
Materials. 
Tamperproof Reset. 
Streamlined—All steel housing. 
Complete range of models. 
PRODUCTION INSTRUMENT CO. # 
702 W, Jackson Bivd., Chicago 6, Ill. 8 


Please send Catalog of Silver Kings 
Counters and Brief Catalog MODERNg 
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the assembly. This was found to be a safe method of chang. 
ing thermocouple wells during unit operation. 


NOISE REDUCTION IN CATALYTIC CRACKING UNITs 


The solution to the problem of reducing the noise level 
on our catalytic cracking units was associated with a sec. 
ond problem, which was that of automatically controlling 
the regenerator pressure. The excessive noise in the origi- 
nal installation was caused by high velocities due to a 
6-psi. pressure drop. This drop was divided into separate 
smaller drops to reduce the noise level. 

The 6-psi. drop in the flue gas stacks was divided into 
3 steps: (1) A 2-psi. drop across the original butterfly 
valve, (2) a 1-psi. drop across the conventional orifice 
plate, and (3) a 3-psi. drop across the new Chapman slide 
valve. This reduces the velocity at each point with a cor. 
responding decrease in noise level. It is now possible to 
hold conversation at the base of the stack. 

The new Chapman slide valve was manufactured with 
two slides on opposite sides of the body—one slide is oper- 
ated manually; the other operated automatically by a pres- 
sure controller. 

Instead of operating the slide valves with conventional 
hydraulic valve positioners, it was decided to try a revers- 
ible rotary air-motor mounted directly to the handwheel 
shaft. The motor is actuated by a conventional null-balance 
control-valve positioner that operates an air pilot valve 
controlling the 50-psi. air supply to the air motor. This 
system has great possibilities. It eliminates the fire hazard 
of hydraulic fluid and also the maintenance of a separate 
system because an air supply is already available where 
pneumatic control instruments are used. 

We are able to justify installation on the basis that the 
regenerator can be run at %-psi. higher pressure if it 
can be controlled automatically. The %%-psi. increase in 
pressure represents a calculated 2-percent increase in re- 
generator capacity due to decreased velocities at the higher 
pressure. Actually, the installation has paid off in two 
ways—noise-level reduction and increased capacity. 


MIXERS 


One of the problems encountered in our Treating Plant 
was the inflexibility of the conventional mixer. The mixing 
problem that was called to our attention was on the kero- 
sene-treating unit, where we were acid-treating the kero- 
sene. It was found that the actual acid rate could be held 
constant, and sometimes even decreased, as kerosene rate 
was increased. We were asked to design a mixer for this 
service. 

The final mixer used was a double-seated control valve 
with a poppet-type plug operated by a differential-pressure 
controller with taps up and down stream of the control 
valve. It was found necessary to reverse the control valve 
in the line to form a mixing chamber for best mixing. 
This has proved satisfactory for all operating conditions, 
and the quality of our kerosene has been decidedly better 
since the installation was made. It is our opinion that a 
single-seated control valve with a poppet plug would be 
more desirable for the service. Consequently, we have re- 
placed several mixers in the plant with manually operated 
globe valves. These have proved satisfactory and have 
the necessary operating flexibility. 


DISCUSSION 


J. M. Jones: I would like to ask Mr. Mattix to describe 
further some of the problems he encounters in measuring 
and controlling pH. I have in mind the tricks of the trade. 
pH is one of these problems that we would rather not 
tackle, but we have to do it. 


E. D. Mattix: We did run into considerable difficulty in 
the beginning. One thing done was to put airbleed into the 
top of the cell to keep moisture condensation off the leads. 
Also, we originally took the sample from the liquid-level 
control line. We found that the surge in the flow rate 
there either caused difference in the level of the cell or 
possibly reduced the pressure on the material. As _ this 
caused a change in pH reading, the sample connection was 
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NEW ... 


WELTON 
INSTRUMENT 
SOLDERING 
PASTE 





A SOFT SOLDER for Hair Springs, Instruments 
and Many other Components 


NO CORROSION AFTER SOLDERING 


This material is intended specifically for soldering electrical 
instrument small parts such as instrument hair springs and 
other small parts, many of which are made of materials that 
are considered difficult to solder, such as beryllium copper, 
where rapid heating and a localized application of solder 
is dictated. 

Pochaged in 4 ounce wide mouth glass jars, with instructions on 
the label. 


Quantity—4 Ounce Jars Price per Jar 
I— 5 


ms $2.25 
6—I1 2.00 
12 and over 1.90 


F. O. B. Summit, New Jersey. Prices of larger quantities upon request. 
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95 SUMMIT AVENUE ° SUMMIT. N J 
Our line includes: Instrument Type Precision Parts (Shafts, Pivots and 
Tubes)—Centerless Grinding—Swiss Screw Machine Parts—Heat Treating— 
cam esate ce hed ol Treated Buttonwood Pith—Thread Roll- 
ing—Knurling—Burr Free Tube Cutting, ENGINEERING DESIGN AS- 
tt ®™€— ON ALL ITEMS PERTAINING TO OUR 
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6 Cubic Feet of 
Controlled Air 


When humidity and temperature 
are important here is a cabinet 
that provides about 6 cubic feet 
of controlled air... both dry and 
wet bulb temperatures can be 
maintained within 1° F as long as 
the unit is in operation. 





The air is constantly circulated 
and uniform conditions are main- 
tained automatically; heated by 
an electric coil, cooled by a coil 
of water (or other coolant), hu- 
midified by a spray chamber, dried 
by a mechanical device needing 
no attention. 





Units are available with temper- 
ature ranges from 40° F to 140° F. 





AIRE-REGULATOR 


Constant Temperature and 
Humidity Cabinets 

Now in use by many prominent laboratories in food, research, paint, 

pharmaceuticals, etc.—names on request. Write for bulletin and tell us 

your requirements. 


Food Technology Inc. °7'2,Northncs* Hishwey 

















for electrical control applications 


1 a LULL 


FOR SHEET METAL ENCLOSURES 


If you need an enclosure for one, two or 
three instruments, or hundreds of instru- 
ments, call on KIRK & BLUM for fast, ac- 
curate fabrication. The photo above shows a 
typical large installation. Almost 100 instru- 
ments and controls are visible in this instal- 
lation in a major refinery. 


KIRK & BLUM is equipped and experi- 
enced to fabricate one unit or hundreds, spe- 
cializing in custom-built parts and assemblies 
of sheet steel, light plate, stainless aluminum, 
monel and other alloys in gauges 3%” and 
lighter. 


For more detailed information, write now 
for your free copy of the NEW Kirk & Blum 
Electrical Enclosures booklet. 

@ Control Desks @ Cubicles @ Electrical Cabinets 

& Enclosures 


@ Power Distribution & Control Panels @ Switch 
Gear Housings 


@ Boiler, Generator & Turbine Control Plants 
@ Louvres . 


@ Test Stands, Controls & Desks @ Instrument 
Panels 


@ Outdoor Electrical Enclosures | 
@ Transformer Tanks 
@... and other Fabricated Products 


For prompt quotation, send prints to: 


THE KIRK & BLUM MFG. CO. 
3111 Forrer St. Cincinnati 9, Ohio 


Oa LULL 
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RESEARCH 
MODEL 






INDUSTRIAL 
MODEL 





LABORATORY 
MODEL 


Cambridge pH Meters 


The three portable models illustrated above incorpo- 
rate new and important advantages. A.C. line opera- 
tion eliminates battery nuisance. Laboratory and 
Research models use electron-ray tube for precise 
null-point indication. Industrial model is direct-read- 
ing, continuous-indicating; ruggedly built for plant 
use. 

Accuracy: Research .02 pH, Laboratory .05 pH, Industrial 
-10 pH. Cambridge pH equipment also includes single- and 
multi-point indicators and recorders. Send for Bulletin 


910-MR. 
CAMBRIDGE INSTRUMENT COMPANY, INC. 


3742 GRAND CENTRAL TERMINAL, NEW YORK 17, N. Y. 


Pioneer Manufacturers of 
PRECISION INSTRUMENTS 





HAND 
TACHOMETER 


forthe — 
“MOST-USED” SPEED RANGES! 


*& R.P.M. and F.P.M.: 100-1000; * FAST RESPONSE—for Acceler- 
200-2000; 500- 5000. ation Tests 
F.P.M.: 10-100; 20-200; 50-500. UNDAMAGED BY OVERSPEED 
% WITH ADAPTERS: As Low 1 10% 1% ACCURACY— All Ranges 
R.P.M. As High as 50,000 R. % DRIVE TORQUE REQUIRED 
%& SELF-CALIBRATING only 1/15 ounce-inch! 
He: is the Metron Model 25-D Tachometer for testing (without range 
adapters) in the “‘most-used”’ speed ranges, such as those encoun- 
tered in motor and generator testing, process control and maintenance 
work... A new instrument with all the famous Metron simplicity, accu- 
racy and. reliabilty. All-electric, non-generating circuit has only one rotate 
ing part, permanently lubricated. Unaffected by vibration, humidity, 
temperature or magnetic fields. The perfect tachometer for year-in, year- 
out shop or laboratory use. 
Metron Model 25-D is furnished in a rugged, attractive carrying case, com- 
plete with accessory tips, extension, feet-per-minute discs and instructions. 


Write today for Bulletin 103! 
METRON INSTRUMENT COMPANY 


437 Lincoln Street © Denver 9, Colorado 
FOR PRECISION MEASUREMENTS 
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taken from the main drum after that. The instrument 
originally had second derivative, but owing to the occa. 
sional slight change in pressure on the tower, the second. 
derivative function was never operated because it did the 
wrong thing at that particular time. Therefore, that feature 
was eliminated in this control application. The instrument 
man in charge of the instrument was inclined to keep his 
trade secrets to himself. If you want to get them, go and 
talk to him; he can give them to you. 

Jones: Do you use a reversing cycle of the steam air 
to heater tubes? 

Mattix: To date we have not. 
Jones if he thinks this a desirable procedure. 
much to learn yet on this procedure. 

Jones: We have used steam-air decoking of heated tubes 
for a number of years. We found that we could materially 
reduce the time of decoking by first cycling through in one 
direction, and then reversing the operation so that the 
steam and air came in from the opposite direction. It seems 
to hold down the period of time that you have to carry 
your tubes at the high temperature necessary to burn the 
coke out of the tubes. 

Jones: Mr. Mattix, in connection with your anti-pump. 
ing device, or rather with your elimination of your orifice 
plate in the suction to your blower, was that orifice plate 
primarily an anti-pumping device, or was it for measure- 
ment of flow and control? 

Mattix: The orifice plate was a device put in the blower 
suction for measuring the rate of air and controlling the 
turbine speed to control that rate. 

Wheelis: How did Mr. Mattix calibrate the reducing 
section after he removed the orifice? 

Mattix: Fortunately, we had meters on all of the points 
of major consumption of air in the unit. We were able to 
add these up and come out with the factor. The only diffi- 
culty was that we had a modified flow nozzle at one location, 
and the factor on it was questionable in our minds. 

Gallager: The question of erosion of thermocouples in 
catalyst lines is one that many people have been confronted 
with. I thought I would pass on here that we couldn’t get 
stainless steel. We started with carbon-steel couples in a 
lot of wells, and they went out pretty fast. Various means 
were used to shield them, and we found that sometimes the 
shielding did more harm than good; eddies would chew 
the couple up, and it circled the catalyst around rather 
than just hitting it once. The next thing tried was to go to 
higher Brinell materials. We know the Brinell falls off 
as metals go up in temperature, but we use some 440-stain- 
less 500 Brinell. In some cases it was stellited as a separate 
layer, and well life was increased considerably. My sec- 
ond point is on the noise-level problem when you are releas- 
ing the flue gases to the atmosphere to a pretty good pres- 
sure drop. Our solution was similar to what was done by 
Mr. Mattix—that is, taking the pressure drop in two or 
three steps. Somebody calculated that if you stay below 
2 pounds pressure drop, you can keep on carbon steel, and 
you can keep out of erosive velocities with the small amount 
of catalyst that was there. We gained two-fold—the noise 
level went down and the erosion across the valves also went 
down. The third point is a question. The question, Mr. 
Mattix, is what velocity do you recommend on the suc- 
tion to your blower to reduce the noise level to a tolerable 
one. Do you have any figures on that? 

Mattix: I am afraid that I don’t have any exact figures 
on that. In fact, on our catalytic crackers we could never 
hear the blower suction until we had made the changes on 
our stack. It was only after that that we could hear the 
blower suction, so we have not gone into that one yet. 

Gallager: Did reducing the velocity at the inlet to the 
suction increase your noise level? 

Mattix: We didn't change the size of it at the inlet. We 
had already had a reduction piece on the inlet to begin with, 
and all we did was increase this section of pipe. No, we 
couldn’t hear the blower prior to that because of the noise 
of the stack. 


McLean: I would like to know if you have a sketch of 
the steam-air decoking setup. I would like to have a brief 
explanation of it. 


I would like to ask Mr, 
We have 
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in a Mattix: No, I do not have a sketch. However, I will 
leans briefly sketch it on the board. We had here the coil inlet, 
s the and the temperature was increased on the flue gas until 
chew it reached approximately 1,000 degrees on the stack. In 
ather the initial decoking operation, steam alone is injected into 
Zo to the inlet. It comes out here, and we add water at this 
8 off point to cool the temperature below 200 degrees. On the 
tain- inlet then, when you actually go to the steam coking cycle 
irate after the spalling has accomplished all that can be accom- 
sec- plished that way, you have an air line and a steam line 
leas- going into the inlet section—a manual valve on each, and 
ores- an orifice with a flow recorder on each stream. So far, 
e by we consider the flow recorder quite valuable. I under- 
o or stand other refineries do the same job without it. 
elow J. R. Martin: What material is available for calculations 
and on the modified venturi? 
7 Mattix: After going through various text books, we 
oise : é 
were unable to find such a thing as a standard venturi. 
vent a cians 
Mr Our calculations came within the normal 4 to 6 percent you 
, expect on a venturi. I think it is recommended that all 
suc- F ; 2 é 
able venturis be calibrated after their design. 

E. L. Williams: In discussing the problem of pH control, 
res a lag is shown. Is any of that lag in the instrument, or is 
ver it all in the process. 

; on Mattix: I presume there is some lag in the instrument 
the because of the volume of liquid in the cell. The cell holds 
about a quart. As we had approximately a gallon per 
the minute flowing through it, that probably causes a delay 
‘ of a fraction of a minute. However, we found the same 
We type of curve when we took samples. and ran the samples 
‘ith, manually by indicator color. This chart was used only be- 
we cause it illustrated what was happening. 
ise J. M. Jones: I might state here that the lag in the pH 
electrode has been reduced further by a development of a 
of different type of flow cell. It uses the same electrodes, but 
rief ¢ the housing does not hold an appreciable quantity of liq- 
uid. It is about the size of quarter-inch line throughout. 

















Precise 


TEMPERATURE 
MEASUREMENTS 





. « . with the Rubicon 
MUELLER BRIDGE 


A highly accurate and specialized form of the Wheatstone 
bridge designed expressly for precise resistance thermometry 
with three- or four-lead thermometers and for the measure- 
ment of other similar resistors within its range. 


® Wide range: 0 to 71.1110 ohms in increments of 0.0001 ohm 


®@ Unity ratio with provision for convenient checking and 

precise adjustment of ratio arms 

Built-in mercury commutator for lead resistance com- 

pensation 

® Sub-panel switch construction 

® Built-in plug and block assembly for conveniently checking 
ratio, bridge zero and thermometer resistance with no 
disturbance of external bridge connections 


Described in Bulletin 100 





& & J 
* 
... with the Rubicon 
bd PORTABLE PRECISION POTENTIOMETER 
A two-dial instrument of exceptional accuracy and sensitivity. 
” e High-sensitivity, sturdy, built-in Pointerlite galvanometer— 
permits balancing to within 2 microvolts in low resistance 
circuits 
e e .Completely self-contained assembly—no external acces- 
sories except the thermocouple circuit 
e Two ranges —0 to 16.1 and 0 to 161 millivolts—readable 
e to within 2 and 20 microvolts respectively 
© Sturdy, compact construction for long dependable service 
& Described in Bulletin 270 


RUBICON COMPANY 


Electrical Instrument Makers 
3755 Ridge Avenue ° Philadelphia 32, Pa. 
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@ ROLLING ACTION... 


for superior spring-diaphragm characteristics 


The pre-moulded neoprene diaphragm in the Honeywell 
Series 700 Valve features rolling action... eliminates wrin- 
kling or buckling... responds to slightest change in signal 
alr pressure ... may be used with either air or gas as 
actuating medium. The Honeywell Series 700 Valve is avail- 
able in a wide range of styles and sizes... has a// the fea- 
tures you look for in a fine valve. Write today for your copy 
of Bulletin 700-3. 


MINNEAPOLIS - HONEYWELL REGULATOR CoO., Industrial 
Division, 1908 Windrim Ave., Philadelphia 44, Pa. 
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Po wer Plant Instrumentation 


urbine Governors as Related to Pneumatic Controls, 


by J. A. Pellettere 
se tion Secretaries and Meeting Data 


THE 


HE new title of this page serves to 
call your attention to the change 
that has taken place in the manage- 
iment of your National Office and with 
it the responsibility for the ISA Jour- 
mal. Since it will be sometime before 
T have the multitudinous duties of my 
‘Office sufficiently in hand to permit me 
‘t get around to meeting more than a 
handful of our thousands of members, 
‘T shall have to use these pages to be- 
‘come acquainted with you. 
| My first knowledge of the scope of 
MISA activity was obtained during the 
Houston Show, where I had the oppor- 
inity not only to meet and talk with 
Several hundred members but also to 
Obtain an introduction to the best 
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National Committees and Chairmen 


Committee for Analysis Instrumentation, D. J. Pompeo; 
Constitution & Rules & Procedures Committees, R. J. S. 
Pigott; Coordinating Committee, E. S. Lee; Employment 
Committee, C. F. Goldcamp; Finance Committee, J. T. 
Vollbrecht; Historical Committee, L. M. Susany; Instru- 
ment Maintenance & Operation Committee, J. Johnston, 
Jr.; Committee on Instrumentation for Production Proc- 
esses, W. H. Brand; Instrumentation for Testing Commit- 
tee, D. C. Little; Instrumentation for Transportation Com- 
mittee, F. H. Catlin; Instruments for Inspection & Gaging 
Committee, W. A. MacCrehan; Meetings Committee, E. J. 
Grace, Jr.; National Defense Committee, R. L. Goetzen- 
berger; Nominating Committee, M. S. Jacobs; Publications 


Committee, C. W. Covey; Recommended Practice Commit- @ 


tee, A. V. Novak; Sections & Membership Committees, 





M. S. Jacobs; 
A. H. Shafer. 
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Employment Service 
Caribbean Instrumentation Conference 


MANAGER’S 
PAGE 


Percy V. Jones 


planned and executed meeting it has 
been my pleasure ‘to attend. Ever 
since my arrival in Pittsburgh I have 
been made increasingly aware of the 
tremendous strides already taken by 
ISA, and of its almost limitless oppor- 
tunity for future expansion, not only 
in point of membership, but in service 
to the field of instrumentation. 

The position of Society Manager 
presents a challenge and a tremendous 
opportunity for service. The first, I 
cheerfully accept—the latter will be 
fulfilled with your cooperation. 

I hesitate to predict the growth of 
ISA during the next five years, but I 
am very pleased that I have the oppor- 
tunity to take a part in developing its 
bright future. 





New Dues Rate 
Effective March 1, 1952 


In its meeting of December 2, 1951, 
the Executive Committee (now the Ex- 
ecutive Board) decided that it would 
not be practical to have the new dues 
rates take effect immediately but that 
some time lag would be necessary in 
order to advise each member through 
notice in the Journal as to the results 
of the ballot. It was therefore, deter- 
mined to have the new dues rates go 
into effect on March 1, 1952. Thus, re- 
newals of memberships due March 1, 
1952 and later, and new membership 
—— received in the National 
Office after February 29, 1952, will be 
subject to the dues rates specified in the 
new By-Laws. 

A total of 1390 ballots voting on the 
new constitution were received in the 
National ISA Office as of December 8, 
1951. Of this number 1228 voted to 
accept the proposed amended version of 
the Constitution dated September 10, 
1951 and 162 voted to the contrary. 

In view of the above results the new 
ISA Constitution and By-Laws became 
immediately effective. 
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Power Plant Instrumentation 


Six technical papers will be fea- 
tured at the annual Regional meeting 
sponsored by the New York Section 
ISA, to be held at the Hotel Statler, 
New York, N. Y. on February 7 and 8, 
1952. The technical program will start 
at 10:00 A.M. Everyone interested in 
the general topic will be welcome. 

A registration fee of $3.00 per 
person will be assessed for the two- 
day conference—registration starts at 
9:30 A.M. A banquet will be held 
Thursday evening February 7, 1952. 
The speaker at the banquet will be 
Rear Admiral William S. Maxwell 
USN. (Ret), Deputy Director, Bureau 
Smoke Control, Dept. Housing, City 
of New York, whose subject will be 
“Smoke Screens.” 


The program is as follows: 

1. “Management Yardstick for In- 
strument Costs” by A. L. Keiler, E. D. 
Keiper, S. V. Agnes, Socony Vacuum, 
New York. 

2. “Maintenance of Controls and In- 
struments for Safe Operation of Power 
Boilers” by T. R. Hardin, Chief Engr., 
Hartford Steam Boilers Inspection and 
Insurance Co., Hartford, Conn. 

3. “Instruments for Power Plant 
Water Treatment” by V. J. Feeney, 
Burns & Roe, New York. 

4. “Organization & Scope of Instru- 
ment Repairs for Power Stations” by 
Al Jerks, Consolidated Edison, New 
York. 

5. “Some Considerations in Determi- 


nation of Excess Air” by C. P. Lugrm, 
T. T. Frankenburg, R. P. Marche. 

6. “Automatic Logging, Enunciation 
and Recording for Power Plants” by 
Stanley Kroll V. P., Taller & Cooper, 
New York. 


Permian Basin Section 
Granted ISA Charter 


The Executive Committee at its regu- 
lar meeting held in the Statler Hotel, 
New York, on December 2nd, upon ree. 
ommendations of the Sections and Mem- 
bership Committee, approved the Char. 
ter application of the Permian Basin 
Section, located at Odessa, Texas. 

M. G. Gibson, Odessa, Texas is Presi- 
dent and J. B. Jenkins, Secretary of 
ISA’s newest Section. 


Turbine Governors As Related To Pneumatic Controls 


T IS increasingly apparent that 

some control engineers are becoming 
impatient with the slowness of turbine 
manufacturers in providing proper in- 
terconnection of pneumatic control 
systems and prime movers. Recent 
technical literature indicates that some 
engineers are willing to discard the 
present hydraulic governor in favor 
of an all pneumatic system; many are 
leaning toward a simple flyball con- 
verter of shaft speed into air pressure 
as the beginning of this all-pneumatic 
governor system. 


It is felt with considerable convic- 
tion that this situation is to be regret- 
ted. Far too much good engineering 
has been incorporated into the hy- 
draulic systems for these systems to 
be summarily discarded. 


NEED FOR GOVERNORS 


In electric power generation plants, 
governors for turbo-generators were 
designed to maintain constant speed 
under varying load conditions. The fre- 
quency characteristics of the current 
generated demanded governors with 
high quality speed regulation. Indus- 
trial uses of driven pumps, compres- 
sors, and the like, differ in that very 
often, good regulation is required at 
varying speeds as well as at varying 
loads. 


Oil was required for bearing lubri- 
cation and cooling, so it was only a 
short step to make use of the oil pump- 
ing system to hydraulically govern the 
turbine. The use of high steam pres- 
sures and temperatures resulted in a 
very well designed steam admission 
valve system. Overspeed protection 
was provided, with or without a sep- 
arate steam cut-off valve. he 

‘ <% ; M 


4 
“Gulf Oil Corporatior Oe bof 
Presented before the h Annual Conference 
of the Instrument Soci of Améfica, at Hous- 
ton, Tex., Sept. 10-14, 1951. 
Statements expressed herein are those of the 
author and not necessarily those of the Society. 
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By J. A. PELLETTERE* 


Does it appear logical to set aside 
the majority of this proven equipment 
in favor of a complete pneumatic sys- 
tem—especially since pneumatic sys- 
tems are burdened with their own in- 
herent lags? 

But industry, today, is using pneu- 
matic systems to the best possible ad- 
vantage in the field of controls, and 
it does appear that it should be possi- 
ble to properly inter-tie the pneumatic 
with the various hydraulic systems of 
turbine governors. 


PRESENT CONFUSION 


It is at this point that some rather 
serious confusion begins to show up. 
When a user applies an air impulse to 
operate a turbine governor, it is very 
often disappointing to note that some 
of the finer features of the governing 
system are retired to stand-by or pre- 
emergency service. Too often the cus- 
tomer has chosen the wrong type of 
governor due to conflicting versions 
or definitions of the terminology of the 
trade. Admittedly, the wording of the 
specification is a chief source of the 
troubles. To draw up good specifiica- 
tions, some of the terminology should 
be set straight so that user and gover- 
nor manufacturer have a common 
basis of understanding. 


DEFINITION OF TERMINOLOGY USED 


When the various turbine governor 
specifiications are compared, it will be 
noted that words and phrases such as 
relay, hydraulic, constant speed type, 
variable speed type, regulation, and 
many others appear to be used with 
meanings that are different for the 
manufacturer and for the user. Con- 
sequently, in the discussions between 
the manufacturer and the user, each 
has his own version of the require- 
ments. This results quite often in a 
poor performance unit, especially when 
on instrument control, and the turbine 
manufacturer is unable to aid the 





problem due to his lack of understand- 
ing of the users’ desires or needs, 
(See attached terminology chart). 

Just what is meant by the word 
relay? Any dictionary will define it as 
a device by means of which feeble 
forces can regulate forces of greater 
magnitudes. With this definition in 
mind, it can be stated that the average 
hydraulic governor can contain two 
relays: one usually operates in con- 
junction with a primary element such 
as the flyball; the second usually is a 
part of the mechanism for positioning 
the steam valve. An_ internally-ba!- 
anced steam valve could be called a 
relay, conceivably, since it too con- 
forms, in part, with the definition. 
However, this paper will not consider 
the internally-balanced steam valve as 
a type of relay. 

The terms constant speed governor 
and variable speed governor are self- 
explanatory only insofar as the gen- 
eral description are concerned. There 
can be numerous classes of governors 
that will fall into one or the other 
of these two types, but neither type 
is exclusively hydraulic. 

What is meant by the term hydrau- 
lic governor? When compared with the 
simple shaft or mechanical governor, 
the differences are obvious. 

But consider, for the moment, a so- 
called hydraulic governor with its nec- 
essary flyball, relays, and servomotor. 
Assume that the governor is equipped 
with a diaphragm motor so as to con- 
trol from a pneumatic instrument, and 
that, when on instrument control, the 
flyball and hydraulic components are 
retired to stand-by service. When a 
pneumatic impulse is used and a dia- 
phragm motor acts to position the 
steam valve directly through mechan- 
ical linkage, can this governor still be 
called hydraulic? One manufacturer 
who is a leader in the field does this in 
one of his highly advertised units. 
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VARIABLE SPEED VS CONSTANT SPEED 

Another point of confusion is when 
to specify variable speed type in pre- 
ference to constant speed type. Does 
the introduction of pneumatic contro! 
automatically change the  specifica- 
tions from constant speed to variable 
speed type? Or should it be considered 
in the light that the pneumatic con- 
troller merely resets the control point 
of the constant speed governor? Should 
the latter be a correct interpretation, 
there would be no need of change in 
classification. 

In general, constant speed governors 
make use of a flyball as the primary 
element. When the customer specifies 
a constant speed type of governor with 
air pressure modulation, some manu- 
facturers are at a disadvantage due 
to lack of rangeability of their partic- 
ular flyball mechanism. In such a case, 
the manufacturers quote a governing 
system which retires the flyball to 
stand-by or pre-emergency service. 

In the opinion of the author, the 
above procedure does not tend to pro- 
vide the better governor. The normally 


TYPES OF FLYBALL 
(1) MECHANICAL SHAFT GOVERNOR 








fine degree of regulation possible with 
a good hydraulic governor will be set 
aside in favor of the regulation made 
possible by the primary pneumatic con- 
troller with its attendant transmission 
and output pressure lags. 


ELEMENTS OF A GOVERNOR SYSTEM 


There are three basic parts to a gov- 
ernor, namely: (1) a speed operated 
primary device; (2) suitable linkage, 
whether mechanical or hydraulic, be- 
tween the primary device and the 
steam control valve; and (3) the steam 
control valve with its power unit (the 
servomotor). The linkage between the 
primary device and the steam control 
valve may be termed a steam valve 
position transmitter. The secondary 
device is some means of transferring 
the output of the primary device or 
primary device motion so as to effec- 
tively position the power operated 
steam valve in accordance with the 
speed change. 

Other parts related to a hydraulic 
governor are: hand speed changer; a 
pneumatic device for adapting the air 
impulse from a pneumatic controller; 
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a low oil pressure trip-out mechanism; 
and, in some cases, a stand-by oil 
pump to protect against low oil pres- 
sure. The stand-by oil pump, while 
primarily for lubricating service, also 
provides stand-by hydraulic power for 
operating the governor. 

The hydraulic designers also have 
made available a positive throttle-trip 
valve with single seated, tight shut-off 
characteristics. It can be used as the 
hand throttle during start-up, and also 
to provide a positive shut-off in the 
event of overspeed. 

A mechanical overspeed trip is avail- 
able for the simple, mechanical type 
governors. 


TYPES OF GOVERNORS 


The author has made sketches show- 
ing four typical American manufac- 
turers’ types of flyball governors: Fig. 
I shows (1) a mechanical, (2) a hy- 
dro-mechanical, (3) hydraulic type 
wherein the flyball generates an output 
oil pressure, (4) a hydro-mechanical 
wherein the flyball also produces a 
speed modulated oil output pressure. 
Most of us are familiar with the Type 
1 so-called mechanical shaft governor 
which is usually used in low horse- 
power equipment and has about a 15 
per cent change in speed range and 
can be modulated by an air motor or 
hand speed changer sc as to make use 
of the same speed range. 


GENERAL TYPES OF HYDRAULIC 
GOVERNORS (See Fig. I) 


In Types 2 and 4, the flyball posi- 
tions a lever which in turn operates the 
steam valve servomotor mechanism. 
Type 2 differs from Types 3 and 4, 
however, in the fact that the flyball in 
Type 2 does not produce a speed mod- 
ulated oil pressure but does use a re- 
lay to position the transmitting lever. 
Type 4, like Type 3, has a flyball whose 
speed produces a proportionate oil 
discharge pressure. 

These two flyball operated units are 
common only to this extent. In Type 
3 the hydraulic output pressure is 
allowed to pass through a pipe as a 
transmitter (secondary) to the servo- 
motor. This makes a rather neat ap- 
pearing job since it is more or less 
free of levers or bearings until the 
large multi-port steam valves come 
into the picture. 

Type 4 has a flyball which produces 
an oil discharge pressure from speed 
and uses in a hydro-mechanical feed- 
back system in such a manner that 
the flyball has a wide range of operat- 
ing speeds. A speed turn-down ratio 
of 4 to 1, in such a system as this type, 
by hand or by air motor operation, is 
achieved easily. Note that in Type 2 
and Type 8, the flyball is allowed to 
do no work by becoming a pre-emer- 
gency-device when the pneumatic in- 
strument-is Galléd upon to do the con- 
trolling-—-in-the-casé-of Type 3, this is 
rather-unfortunate-since this particular 
manufaetiirér’s fiyball does have a wide 
turn-down range, and on the hand 
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speed changer the flyball features are 
retained. 

A summary of such studies indicates 
to the initiated that when the manu- 
facturer has a low turn-down range 
fivball, he would rather apply the air 
motor to the transmitting lever and 
retire the fiyball to a pre-emergency 
status. And in some instances, if the 
customer specifies that the hand speed 
changer must have a wide range of 
turn-down, the manufacturer must 
abandon the flyball in favor of the so- 
called orifice governor, unless regula- 
tion requirements prohibit. 


ORIFICE GOVERNORS 


In general, when the customer spe- 
cifies a wide turn-down range without 
specifying a close degree of regula- 
tion, the manufacturer will quote on 
a hydraulic unit known as an orifice 
governor. An orifice governor is 
sketched in Fig. II, Type 1, and 
shows a primary element which differs 
from -a flyball. The primary element 
here consists of some form of hydron 
mechanism which operates the trans- 
mitting lever to the steam valve either 
directly or through a relay. Fig. II, 
Type 1, shows the hydron directly 
coupled to the steam valve positioning 
lever and is basically the same type of 
unit offered by several manufacturers. 


With the governor on manual con- 
trol, the oil discharge valve from the 
primary element is adjusted to change 
the back pressure in the hydron. With 
the hand valve set, an increase in speed 
will automatically raise the pressure 
in the hydron, causing the steam valve 
to be moved toward the closed posi- 
tion. The pneumatic modulator consists 
of a small diaphragm operated valve 
in the oil line leaving the hydron, 


Air pressure changes modify the out- 
let orifice from the hydron in such a 
manner that the oil pressure is chang- 
ed in the hydron, controlling the 
speed in accordance with demands 
from the primary pneumatic instru- 
ment. This is a pneumatic setting of 
speed similar to speed setting as ac- 
complished by the ‘hydro mechanical 
fiybal] unit, Type 4 in Fig. I. 


CHARACTERISTICS OF 
ORIFICE GOVERNORS 


It is interesting to note that in the 
orifice governor it is possible to have 
the hydron position the lever, which in 
turn positions an internally-balanced 
steam valve without the oil-operated 
servomotor. This can be construed as 
a hydraulic governor with no true oil 
relay present. As mentioned before, 
the definition of relay is rather vague. 
One thinks of a relay as a mechanism 
wherein a flea powered circuit releases 
a high energy circuit to do work. In 
general, if the governor manufacturer 
supplies a governor with an oil 
“squirting” mechanism, it is construed 
by the trade to be an oil relay type 
governor. The average customer be- 
lieves that an oil relay governor im- 
plies that the steam valve will be oil 
power positioned. 
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It might be well to bring out some 
of the points of interest with regard 
to the orifice governor. These are 
namely: (1) it is not easy to get a 
linear response of speed to air im- 
pulses; (2) regulation-is not as good 
as with a flyball type of governor; (3) 
it is cheaper than the hydraulic fly- 
ball governor or the so-called constant 
speed hydraulic governor; (4) it is 
usually operated on hand speed chang- 
er and/or air impulses in its entirety 
with no pre-emergency features; (5) 
the orifice governors offer a large 
turn-down ratio; and (6) steam valve 
requires shop characterization to 
match load points of driven unit. 


RESULTS OF PRESENT CONFUSION 


The manufacturer, at the present 
time, has a close-coupled, well-design- 
ed, hydraulic system, as evidenced by 
four per cent regulation guarantees. 
He who would design an all pneumatic 
governor and retire this hydraulic 
equipment is going to find it difficult 
to obtain four per cent regulation with 
a pneumatic transmission tube with 
the controls mounted at the receiving 
end. The control engineer should re- 


quire that the governor vary the prime 
mover speed in accordance with de. 
mands from the primary instrument, 
The reasons for this will be brought 
out later. 


Industrial operators of turbines, 
driving compressors or pumps to con. 
trol flow in general, are not interested 
in speed control as such, but wil] 
eventually insist that the governing 
mechanism retain its characteristics 
when operated by the hand speed 
changer or the pneumatic impulse. Fig, 
I, Type 2 and 3, are wide range hy- 
draulic governors which could easily 
meet these requirements but unfortu- 
nately the manufacturers have not 
connected the air impulse into the cir- 
cuit in the desirable position. Other 
manufacturers have not seen fit to de- 
sign into their flyball mechanisms a 
high range of turn-down. 

These oddities are the results of the 
fact that in the past the turbine manv- 
facturer has treated pneumatic contro] 
as a passing episode and gone about 
applying the pneumatic inter-tie to his 
50 years of hydraulic experience, in 
the cheapest and easiest manner. The 
final outcome often results in retiring 
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the 50 years of hydraulic design to a 
so-called pre-emergency status when 
operating on pneumatic impulse. 

In any critical control problem the 
control engineer should require not 
merely to position the steam valve, but 
to set the speed by air pressure. This 
means he desires to have the hand 
speed changer and the air motor work 
in a similar manner to achieve the end 
results, whether on hand or pneumatic 
control. It is obvious that for a high 
degree of regulation, the flyball must 
become a part of such a circuit and 
operate continuously. 


IDEAL GOVERNOR 


To an instrument engineer, two ideal 
governors come to mind. In some re- 
spects he is interested in simplicity. 
A true hydraulic governor with no 
linkage, with the air motor moving the 
hand speed mechanism as shown by 
Fig. II, Type 3, is an idealist’s concep- 
tion of a simple, purely hydraulic, 
non-mechanical mechanism, One has to 
admit, however, that there must be 
linkage in a large multiple port steam 
valve positioning mechanism. There- 
fore, one concedes that Fig. I, Type 4, 
or Fig. II, Type 2, using a variable 4 
to 1 flyball operated either by air im- 
pulse or by hand speed changer is 
also of considerable interest, especially 
when the importance of the job in- 
volved will bear the added cost. 


ADVANTAGES OF AN IDEAL GOVERNOR 


The advantages of either of these 
two governors which pneumatically 
set the speed of a constant speed go- 
ernor are: 

(1) When one operates the hand 
speed changer mechanism with an air 
motor, the complete governor is used 





in its entirety and nothing is retired 
to a pre-emergency status. 


(2) It is easy to build into such a 
governor a linear response of speed to 
air pressure change. 

(3) The steam valve will not have 
to be shop characterized to meet the 
load, which is usually a pump built by 
another manufacturer. 

(4) A “second-grade” servomotor 
which is not a full oil relay type but 
which operates well in the circuit for 
which it was intended (in connection 
with its flyball) will not malfunction 
when put on air control due to retire- 
ment of the primary element (flyball). 


(5) Any changes in throttle steam 
pressure, turbine exhaust steam pres- 
sure, or steam quality are immediately 
corrected for, and without the aid 
of the primary (pneumatic) controller. 

(6) Flyballs incorporated in such 
governors are capable of close regula- 
tion (2 to 4%) which obviates the 
need for derivative and reset functions 
in the governor itself. 


CONCLUSIONS 


The author’s solution to the problem 
of the good governor design, as devel- 
oped in this paper, is based on the 
theory of cascaded controls. Too often 
the control engineer begs to have the 
primary instrument set a flow control- 
ler instead of operating a _ control 
valve directly and is told that the 
secondary instrument (flow meter) is 
prohibited by the extra costs. All the 
instrument engineer can do in such an 
instance is write up a report on the 
advantages of such a cascaded system 
in an effort to justify adding the 
secondary instrument to aid the control 
valve. 








In the governor problem there exists 
a secondary instrument, the hydraulic 
speed control circuit, and it should cost 
little to take advantage of the proper 
tie-in of the primary instrument out- 
put. Here the instrument engineer is 
not having to initiate the cost of the 
secondary instrument. 


The conclusions drawn up in the six 
points listed under the heading “Ad- 
vantages of an Ideal Governor” are 
those one gains by cascading or pneu- 
matic setting the speed governor. The 
speed control (flyball) is an existing 
instrument which the author fee's 
should not be retired to pre-emergencv 
work but kept in continuous service 
so that these real advantages lis‘rd 
previously are made available in the 
ideal governor as result of cascading 
the primary instrument with speed 
controller. 

The author has, since 1943, studied 
installations of many types of various 
horsepower units built by four or five 
American manufacturers. While some 
difficulty has been experienced on oc- 
casions, it has not been necessary to 
rebuild, redesign or even replace a 
major part of a Hydraulic Unit to get 
satisfactory operation both for manual 
and/or pneumatic operation. 

It should be borne in mind that 
engineers are dreamers and some- 
times the economics do not justify the 
maximum expenditure for a_ given 
piece of equipment. Many of us Instru- 
ment Engineers would like to own a 
16-cylinder automobile and could no 
doubt write a longer paper than this 
one giving all its points of superiority; 
but most of us are satisfied to use a 
6 or 8-cylinder car at a lower price, 
as a means of transportation. 
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Variable Speed 
Medium Regu. 
lation (8%) 

band. 


Variable Speed 
with close regu- 
lation (4% or 
better) 


Wide turn-down 


band. 








Derivative action 
Reset rate adjuster 
Might expect propor- 


tional reset type 


Wide turn-down with 
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Terminology Chart — Interpretation 
TERM INSTRUMENT ENGR. STEAM ENGR. OR USER MANUFACTURER 
Regulation Control Band Per cent Fall Off in Speed Per cent rise in speed (on a gradual 
Sensitivity due to loading. change) from full load to no load. 
Throttling Range Speed gradient or droop. Usually 2 to 8%) 
Turn-down Variable Speed Operation Ratio of rated normal speed to 
minimum speed required. 
Hydraulic Hydraulic Power Oil power operated Requires Hydraulic Unit and in some 
steam valve cases also steam balanced or powered 
single seated steam valve. 
Relay Operator of Hydraulic Part of Hydraulic Unit Anything that squirts oil except to 
Servomotor bearings. 
Isochronous Proportional plus Constant speed under all Equipped with regulation eliminator 


loads, 


Low speed gradient with one 
operating load or constant 
duty. 


Wide speed range for varying 
duty, with fair 
regulation. 


with Wide speed range, varying 
load operation, close regu- 


lation important, 








to give zero regulation. 


Will not discuss as such but may 
build such into his basic design. 


Stability adjuster on Isochronous 
type only. 


Would normally build in flyball unit if 
manual turn-down ratio asked for is 
not excessive, or use flyball unit as 
pre-emergency when operated by 
pneumatic impulse. 


Flyball type can be replaced by orifice 
type if regulation asked for is not 4% 
or less in order to reduce cost. 


Requires wide range flyball type unit 
continuously operated by manual speed 
changer and/or pneumatic impulse. 
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Speaker: S. S. Smith, Shell Pipe Line Co. 


TOLEDO 
P. H. Girkins, 418 Waggoner Blvd., Toledo 
12, Ohio. Tel: LA 6505 
Third Tuesday, Meeting at 8:00 P. M., Service 
Bldg., Toledo Edison Co. 


TENNESSEE 
James L. Williams, 2237 Bruce St. Kingsport, 
Tenn. Tel: 2079-L 
Fourth Thursday, Civic Auditorium. 


TULSA 
Ss. M. news. 1544 E. 35th Pl., Tulsa 5, Okla. 
Tel: 7-682: 


First Bil Meeting at 7:30 P.M., Engi- 
neering Bldg., Tulsa Univ. 

Feb. 4, Subject: Electronic Instrumentation. 
Speaker: Nelson Gildersleeve, GE. 

Mar. 3, Subject: Pneumatic versus Electronic 
Controls for Pipeline and Booster Stations. 
Speaker: S. S. Smith, Shell Pipe Line Co. 


TWIN CITIES 
Jerome J. Schwab, Engineering Sales, 516 
Guardian Bldg., St. Paul 1, Minn. Tel: 
GArfield 0601 
— Tuesday, Dinner at 6:30 P.M., Meeting 
7:3 Rm. 353, Coffman ‘Memorial 
Uaion, U. of Minn. 


WASHINGTON 
Raymond E. Miller, 1-205 oo Ord. Lab. 
White Oak, Md. Tel: JU 17-6742 
Third Monday, Meeting at 8:00 P.M., P. E. P. 
Co. Auditorium. 


WAYNE COUNTY 
J. R. McCauley, 18073 Archdale, Detroit 19, 
Mich. Tel: KE 1-5239. 
Third Monday, Meeting at 8:00 P.M., Larson’s 
Cafe, Lincoln Park, Mich. 


WILMINGTON 
J. E. Charsha, Jr., Hammel-Dahl Co., 1000 
Washington St., Wilmington 11, Del. Tel: 
2-6694 
Third Tuesday, Sowies at 8:00 P.M. Harlap 
Public School, Wilm 
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The Exhibit Allocations Committee 
made up of E. C. Baran (Standard 
Qil Co. of Ohio) representing the Oil 
Industry; R. J. Carleton (Republic 
Steel Co.) the Steel Industry; and 
R. E. Pritz (E. I. du Pont de Nemours 
& Co.) the Chemicel Industry met in 
the office of Fred A. Lennon, President, 
Crawford Fitting Co., at 9:30 A.M., 
December 15th. 

These men attended the meeting 
under very unfavorable weather con- 
ditions (Cleveland had a 14 inch snow- 


Cars parked outside of the office of Crawford 
Fittings during the Allocations Committee meet- 
ing. 


fall with a low temperature of 5 de- 
grees), and the Society and Exhibit 
are very much indebted to the members 
of the Committee for a job well done. 
In addition. to the Committee the fol- 
lowing were present: Robert Newton, 
(Manufacturers Representative) ; Fred 
Lennon, Chairman of the Cleveland 
Host Committee, and Richard Rimbach, 
Exhibit Manager. 

134 booths were allocated to 75 ex- 
hibitors who sent in their reservations 
during the 30 day option period granted 
to all exhibitors who had exhibited at 
the Houston or Buffalo Exhibits. Booth 
assignments were also made to 11 com- 
panies, which wrote in for space but 
did not have the 30 day option. 

The allocations and assignments were 
as follows: 

EXHIBITORS 
Acragage Co. J. B. T. Instruments 
American Meter Co. 
Annin Co. 
Askania Regulator Co. 
Assembly Products, Inc. 
Bacharach Industrial 
Instrument Co. 
Barton Instrument Co. 
Beckman Instruments Products Co. 
Ine. Mason-Neilan Regulator 
J, Bishop & Co. Co. 
Black, Sivalls & Bryson Meriam Instrument Co. 

Inc. Milton Roy Co. 

Mine Safety Appliances 
0. 


Ine. 
Kieley & Mueller Inc. 
Lapp Insulator, Inc. 
Leslie Co. 
Librascope, Inc, 
Magnetrol, Inc. 
Marine & Industrial 


Bowser, Inc. 

Brooks Rotameter Co. 
Burgess Battery Co. 
Century Geophysical 
Corp. 

Conoflow Corp. 
Consolidated Engineer- 


Mittlemann Electronics 
Div. 

Samuel Moore & Co. 

Nash Engineering Co. 

New Hermes Engrav- 


ing Co. ing Mach. Co. 
Continental Equipment North American 
Co. Philips Co. 
Crawford Fitting Co. Palmer Thermometers 
Inc. 


Daniel Orifice Fitting 
Co Panellit Inc. 
Parker Appliance Co. 
Perkin Elmer Corp. 
Photoswitch Inc. 
Physicists Research Co. 
Potter Aeronautical Co. 
Proportioneers Inc. 
Rockwell Mfg. Co. 


Daven Co. 

Davis Emergency 
Equipment Co. 
DeZurik Shower Co. 
Eagle Signal Co. 

Edin Co. 

Farris Engineering Co. 
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Cleveland Show Gets Under Way 


Fenwal Inc. 

Fischer & Porter Co. 
Fisher Governor Co, 
Fulton Sylphon Div, 
General Electric Co. 
ne Mac Instrument 


R-S Products Corp. 

Sanborn Co. 

Southwestern Industrial 
Electronics Co. 

Standard Electric Time 
Co 


Herman H, Sticht Co. 
Superior Electric Co. 
Superior Tube Co. 
Swartwout Co. 
Mfg. Telechron Inc. 
Co. Vapor Recovery 
Industrial Instruments Systems Co. 
Corp. Veeder Root, Inc. 
Industrial Instruments, Wallace & Tiernan 
Ine. Products, Inc. 
Industrial Pyrometer & Weatherhead Co. 
Supply Co. Wm, Welch Mfg. Co. 
Instruments Publishing Wheelco Instruments 
Co. Co. 


0. 
Hammel Dahl Co. 
A. W. Haydon Co. 
Hays Corp. ; 
Imperial Brass 


As only 165 booths were laid out at 
the Cleveland Auditorium and 150 were 
allocated or assigned before opening of 
the general sale of exhibit space it was 
decided to expand the number of booths 
to 273 by laying out additional space 
in the Exhibit Hall immediately below 
the Arena. The general sale of ex- 
hibit space started January 10th. 


Rimbach Resigns 
Secretary Post 


Richard Rimbach, First Executive 
Secretary of ISA, who has served the 
Society in that capacity continuously 
since April 28, 1945, tendered his 
resignation to the Executive Committee 
during its meeting on December 2, 
1951. This action on the part of Mr. 
Rimbach was not entirely unexpected. 
For some time he has realized that the 
job of running the National Office had 
become too time consuming to handle 
on a part-time basis. 

He offered his resignation to the 
Committee in September, but was per- 
suaded to reconsider at that time. At 
the December meeting, however, Mr. 
Rimbach expressed the opinion that 
your new Manager is now capable of 
taking over all of the duties and re- 
sponsibilities of the National Office 
and insisted that his resignation be 
accepted effective December 8, 1951. 

Mr. Rimbach’s resignation was re- 
gretfully accepted with an expression 
of deep appreciation for his untiring 
work during his years of service as 
Executive Secretary of ISA. Mr. Rim- 
bach will continue as Exhibit Man- 
ager of the Society and will always be 
available for such other ISA duties as 
his time permits. 





R. RIMBACH 


PORTER HART 


Hart Named ISA Secretary 


Porter Hart, First Vice-President of 
ISA during 1951, was appointed by the 
Executive Committee to serve as Na- 
tional Secretary until his successor is 
elected by the Council and takes office. 


Instruments Publishing Co. 
First ISA Corporate Member 


That. “Dick” Rimbach’s resignation 
as Executive Secretary of ISA does 
not mean a loss of interest in the So- 
ciety or its activities is strongly evi- 
denced by the following letter received 
by the National Office on December 
12, 1951: 


The Instrument Society of America 
Allegheny and Pennsylvania Avenues 
N. 8., Pittsburgh, Pa. 

Gentlemen: 

With the establishment of Corporate Member- 
ship by the Instrument Society of America, the 
Instruments Publishing Company applies for 
such membership as No. 1 corporate member, 
and you will find attached hereto a check for 
$250. 

This is in line with our desire to cooperate 
in the development and promotion of the Society 
as was indicated by our donation of $1000 iui- 
mediately after its organization. 

Sincerely yours, 
INSTRUMENTS PUBLISHING COMPANY 
Richard Rimbach 

Publisher 


ISA’s 1951 President McMahon made 
the following comment in respect to 
the above: “I... feel that it is highly 
appropriate that the first election to 
membership in this grade should be to 
this company, whose publisher has done 
so much both personally and in his 
capacity as publisher to forward the 
interest of the Society.” 

We are sure that this feeling is one 
that is shared by the many ISA mem- 
bers who have known Dick Rimbach as 
“Mr. Instruments.” 


6. £. Greiner 


It is with deep regret that the Tulsa 
Section announces the death of one of 
its members, G. E. Greiner. Mr. Greiner 
— the Tulsa Section November 


\Francis B. Wilrox 


The Cincinnati Section announces 
with regret the death on November 1, 
1951 of one of its leading members, 
Francis B. Wilcox. One of the founders 
of the Cincinnati Section, Mr. Wilcox 
was its Vice-President at the time of 
his death. 





ISA 


EMPLOYMENT SERVICE 
Forward your letter to INSTRUMENT 
SOCIETY OF AMERICA 
921 Ridge Ave., Pittsburgh 12, Pa. 





ELECTRONICS ENGINEER. Must have back- 
ground of extensive experience and interest in 
the field of electronic design. Duties would pri- 
marily involve design of circuits for aircraft 
instrumentation. From 4-7 years of actual ex- 
perience with additional graduate work is de- 
sired. Location Buffalo, N. Y., Box 617 


ELECTRONICS ENGINEERS (3). To be re- 
sponsible for investigation and development of 
varied and i lly plex phases of prcj- 
ect in electronics or electro-mechanics. Must be 
capable of design, construction, test, and opera- 
tion of breadboard and pilot model devices. Must 
be able to prepare and edit full reports, coordi- 
nating the reports of other engineers working 
in the same project. Location Buffalo, N. Y. Box 
618 


ELECTRO-MECHANICAL ENGINEER. For de- 
velop t Solenoid operated thermostatic de- 
vices and for development and design work in 
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the instrument field. Location Philadelphia, Pa., 
Box 619 


ENGINEER. One who has shown ingenuity in 
the field of small electro-mechanical devices, 
switches, relays, and the like, and who is able to 
analyze the electronic circuits in which they are 
used. For position of Assistant Chief Engineer. 
Formal education not important but ingenuity is. 
Location Boston, Mass., Box 620 


SALES ENGINEER. For long established manu- 
facturer of flow meters and full line of air 
operated controls for temperature, pressure, 
level, and flow, required for specialized field work 
leading to position of Sales Manager. Salary 
open. Reply in confidence. Location Philadelphia, 
Pa., Box 621 


‘GOVERNMENT SERVICES 


To apply for- any of the following 
Federal Agency positions, write direct 
to the Agency holding the position, for 
official application form. 


U. S. Naval Ordnance Test Station, 
Inyokern, California 


Design and development of electronic instruments 
for use in free flight ballistics experiments in 
Fin-Stabilized rockets. $5060 per annum. 


Application of new theories in the field of auto- 
matic control and instrumentation. Desiré exten- 
sive knowledge of servomechanisms. $5940 per 
annum. 


Design engineer for power transmissions and 
distribution and detail of instrumentation facili- 
ties for ground ranges. $5060 per annum. 


Trainee positions in electrical engineering. Stu- 
dents who expect to receive a degree in electri- 
eal engineering in mid-year are invited to file 


as well as individuals who are immediately avail- 
able. $3410—$4205 per annum. 





Theoretical design and develop t of special 
ized photographic and optical equipment and in- 
strumentation. $5940 per annum. 


U. S. Naval Air Missile Test Center, 
Point Mugu, California 


Test and evaluate missile automatic stabilization 
and control devices and instruments in laboratory 
to determine operating characteristics and ability 
to meet design specifications. Analysis of servo- 
mechanism systems. $5060 per annum. 


Head of Air Frames Test Branch; supervise 
formulation of test plans and instrumentation 
requirements. Determine desirability of develop- 
ing experimental test vehicles and/or specialized 
instrumentation. Provide consulting services for 
other divisions and contractors on testing, design, 
and instrumentation of scale model guided mis- 
siles and their components. $7040 per annum. 


Corona Laboratories, National Bureau 
of Standards, Corona, California 


20 Research design and development work in (1) 
instrumentation for ground and flight testing of 
guided missiles, (2) microwave circuitry and an- 
tenna systems, or (3) determination of pl 
missile systcms. (requires knowledge of hallis- 
tics, aerodynamics, and/or hydro-dynamics) 
$3410-$9600 per annum. Salary will depend on 
qualifications. 





3 Infrared radiant energy measurement and 
utilization; basic study of properties of infra- 
red sensitive detectors and related instrumenta- 
tion. Duties of position can be varied to fit 
qualifications of applicants. Electronic special- 
ization primary requirement with knowledge of 
optics, quantum mechanics, radiometry, spectros- 
copy, or solid state physics desirable. PhD in 
physics desirable for higher salary levels. $5060- 
$7040 per annum. 


Caribbean Instrumentation Conference 


A successful Instrumentation Confer- 
ence was conducted by the Aruba Sec- 
tion on November 15th and 16th, 1951. 
The technical sessions were supple- 
mented by a series of tours for the off- 
island visitors which included plant 
tours, lectures, and plant demonstra- 
tions. 

The Sixth Annual Meeting and Ban- 
quet was highlighted by the installation 
of officers for the coming year. A spe- 
cial skit, entitled, “The Face on the 
Barroom Floor,” and dancing followed. 

Attendance at the Technical Sessions 
numbered 65 on Thursday and 50 on 


Friday, while 46 attended the Banquet. 

Papers presented included: “Elec- 
tronics,” by H. M. Schmitt, Brown In- 
struments Diy., Minneapolis-Honeywell 
Regulator Co,; “Automatic Control of 
a Group of Boilers,” by J. J. Lowey- 
Ball, Curacaosche Petroleum Industrie, 
Maatschappij—Curacao, N. W. L.; 
“Graphic Panels,” by R. Schlegel, 
Brown Instruments Div.; “Graphic 


Panels,” by V. Tivy, The Foxboro Com- 
pany; and “The Development of an 
Instrument Job Training Program,” by 
P. E. Jensen, Lago Oil & Transport 
Co., Ltd. 





Technical sessions speakers (left to right): H. M. Schmitt, V. V. Tivy, R. A. Schlegel, 


P. E. Jensen, J. J. Lowey-Ball. 
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BOOK REVIEWS — 


Phase Microscopy 
By A. H. Bennett, H. Jupnik, 

H. Osterberg, and O. W. Richards 

820 + xiii pages, amply illustrated. Published 
by John Wiley and Sons, Ine., 1951. $7.50, 

Phase microscopy makes possible the 
microscopy of transparent materials of 
low contrast. The four authors, of the 
Research Laboratory of the American 
Optical Co., have produced a book that 
covers principles and practical uses, 
The principles are covered in elemen- 
tary nontechnical style, with the mathe. 
matics of the diffraction theory covered 
in the appendix. All practical factors 
are covered in chapters on instrumenta- 
tion, technics, biology and medicine, and 
industrial application. 








Methods of Operations 


Research 
By Philip M. Morse and 
George E. Kimball 


158 pages, amply illustrated, cloth bound. John 
Wiley & Sons, Inc., 1951. $4.00. 

The object of operations research is 
to find all the sensitive parameters that 
affect a given operation, and to evalu- 
ate these parameters for optimum re. 
sults. The technique makes use of sta- 
tistical analysis, analytical methods, 
and operational experience. This book, 
the first unclassified book on the sub- 
ject, uses many military examples. It 
defines the science, states the boundar- 
ies of usefulness, explains the tools to 
be used, presents several military appli- 
cations, and discusses the setup of an 
operations research group. 


Practical Electron Microscopy 
By V. E. Cosslett 

299 pages, 147 illustrations. Academic Press 
Inc., 125 E. 23rd St., N. Y. 10, N. Y. $5.50. 

Several hundred electron microscopes 
are now in use. This book covers both 
the principles and operation of practi- 
cal electron microscopes. The physical 
principles are explored clearly and with 
minimum use of mathematics. The con- 
struction of all types of electron mic- 
roscopes is explained in detail. Great 
emphasis is placed on operational fae- 
tors which can enable one who uses the 
electron microscope to obtain optimum 
results. Two chapters are devoted to 
specimen techniques. The level is essen- 
tially non-mathematical although it is 
assumed the reader has some _ back- 
ground in physics, particularly optics. 


Experimental Spectroscopy 
(Second Edition) 


By Ralph A. Sayer 

Prentice-Hall, Inc., New York, 1951. Cloth, 
6% x 9% in., 358 pages. Price $6.65. 

The purpose of this book is to discuss 
prism and grating spectrographs and 
the techniques of their use in research. 
It is designed for students of spec- 
troscopy and for those in research lab- 
‘oratories who wish to make use of spec- 
troscopic procedures, Extensive mathe- 
matical treatments have been avoided; 
a background of general physics and 
some physical optics should be sufficient 
for an understanding of the presenta- 
tion, 
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INSTRUMENT MERCURY 


Stays bright and clean in long storage. 
Premium quality without premium price. 


% Purified specifically for Instrument use. 

% Meets not only standard chemical, but also 
more exacting physical tests. 

% Delivered in a handy bottle with dispensing 
tip. 

% Controlled filling without exposure to con- 
tamination. 

* 

* 


Write for current quotations 


Bethlehem Apparatus Co., Inc. 


887 Front St. °¢ Hellertown, Pa. 














Interval 


Timers 


Time Delay 
Relays 


Percentage 
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Time 
Meters 
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tHe R. W. CRAMER CO., inc 


a BOX 5, CENTERBROOK, CONN. ‘zx 





scrst 










Special opportunities for YOU in 


SAN DIEGO 


e ; that sunshiny, smog-free city on the 


oor «CALIFORNIA 


Convair (Consolidated Vultee Aircraft Corporation) is 
now accepting applications for these following positions 
in its modern, progressive Engineering Department. 











Design Engineers Weight Engineers 
Design Draftsmen 


Electrical Draftsmen 


Aerodynamics 


Engineers 
Electronics Engineers Test Engineers 

Microwave Engineers Thermodynamics 
Servo Engineers Engineers 


Aircraft Loftsmen Aircraft Linesmen 











WORKING FACTS: You get two holidays a week at 
Convair — overtime accomplished in 5-day week. Attractive 
salary ranges. An “engineers” engineering department ... with 
stimulating, competent associates ... and interesting, challeng- 
ing, essential, long-range projects of a wide variety including 
— commercial aircraft, military aircraft, missiles, engineering 
research and electronic development. Excellent patent royalty 
arrangements. Top-notch retirement plan — better than-average 
life and health insurance. Complete progress-salary review 
for each person twice yeorly. Opportunity for continuing 
engineering education. 


LIVING FACTS: San Diego, with its wonderful residen- 
tial areas, offers you and your family incomparable living. 
Ideal climate — cool, clean, dry. Mountains, desert, Mexico, 
Hollywood, Los Angeles, Pacific Ocean, beaches and bay — 
only hours or minutes away. It offers you a new way of Life... 
pl t, refreshing, happy. 














if you qualify, you will receive generous travel allowances. 
SEND COUPON for free booklets and complete information. 


BP THANK YOU 2 Oe 2 Om lag 


Mr. H. T. Brooks, Engineering Department 90 
Convair, 3302 Pacific Hiway, San Diego, Califomia 


Please send me FREE booklets describing the Convair 
Opportunity for me and my Convair Application Form. 







My name 





Occupati 





Address 
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IN QUALITY PRODUCTS EVERYWHERE... 


GUARDIAN Conti P 


ee ; Series 345 D.C. Relay 
As real as rockets, guided missiles and supersonic jets are the Guardian _Hermetically Sealed or 
with Open-Type Mounting 


Controls that set them off and direct their flight. Guardian relays— 
stepping switches—contactor units—solenoids—multi-contact switches 
are the basic components of communications, bombing and firing equip- 
ment, of control stick switches, control wheels and myriad Guardian 
developments for the military. Certain basic Guardian control com- 


ponents are still available for peacetime products. Write. A.N. Connector Plug 
Hermetic Seal Container 


4 ; : ails 


AN-3324-1 D.C. Series 595 D.C. Series 610 A.C.—615 D.C, Series 695 D.C. 
Get Guardian's New HERMETICALLY SEALED RELAY CATALOG Now! 


GUARDIAN (ELECTRIC 


1638-A W. WALNUT STREET CHICAGO 12, ILLINOIS 


A COMPLETE LINE OF RELAYS SERVING AMERICAN tNOUSTRY 


























AN-3320-1 D.C. 
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Operating Experiences 


with 


Multi-element Control 


By HOWARD L. ANDERSEN 
Southern California Edison Co. 


H. C. Bennett 
Vice-President: F. M. Partridge 





Auditor: C. B. McKinney 
Past President: James E. Adams 
Secretary-Treasurer: Geo. H. Forster, Jr., 2916 Eucalyptus Ave., Long Beach 6, Calif. 








Air view of Southe-n California Edison Company’s $38,500,000 


Redondo Steam Station. Provisions for use of oil, 


gas, or 


coal for fuel, and extensive use of outdoor equipmcnt have 


been made. Total generating capacity 


is 288,000 kilowatts. 


Multi-element controllers measure and combine several inter-related variables to control 
a process function within close limits, over wide load changes, and with high stability, 


MULTI-ELEMENT CONTROL 


CONTROL “element” can be de- 

fined as a measuring device which 
senses a changing condition in a con- 
trolled process and converts the meas- 
urement to a controlling force. A sin- 
gle-element controller measures one 
changing condition and usually con- 
trols one function of the process. A 
multi-element controller measures two 
or more changing conditions and com- 
bines the resulting forces to control 
one or more functions of the process. 


Single-element controllers sometimes 
are used to control several func- 
tions in parallel. Also, two or more 
single-element controllers are used at 
times in a series arrangement, each 
element measuring a ‘single condition 
and controlling one function. These 
are not multi-element systems. 


A SIMPLE ANALOGY 


A multi-element controller has ad- 
vantages in any process requiring 





Presented at a regular meeting of the South- 
ern California Meter Association. 


February Meeting: 25th annual 


(Silver Anniversary) High Jinks. 





close limits of regulation, high quality 
of product, or good stability through 
wide ranges of quantity and time. This 
can be understood best by using a sim- 
ple analogy. 

Consider the problem of maintaining 
a liquid level in a tank of limited stor- 
age capacity (Fig. 1). The uncon- 
trolled variables are the rate of dis- 
charge from the tank, and the supply 
pressure of the liquid input to the 
tank. The control problem is to main- 
tain the level in the tank withig close 
limits. 

To appreciate the difficulty of the 
control problem, let us mentally operate 
the hand valve in the supply pipe to 
the tank. We have no knowledge of the 
flow demand at the discharge, and no 
knowledge of the changes in supply 
pressure which may occur. As we have 
only a gage glass to indicate tank level, 
this is a_ single-element controller. 
When severe changes occur in the 
supply and discharge, we will probably 
find it impossible to maintain an ac- 
ceptable level. 

Now let us add two measuring ele- 
ments (Fig. 2) which can “sense” the 
changes occuring in the supply and dis- 
charge pipes. Each of these elements 
can measure quantity and time, and 
indicate the quotient as a rate of flow. 
To assist us in making a rapid and 
accurate comparison of the two fluws, 
let us superimpose one indicator over 
the other, as shown in Fig. 2. 


Let us again man the valve. We 
now need only to hold the indicators 
together. As long as we match the 
inlet flow, which we are controlling, 
to the uncontrolled discharge flow, our 
level is automatically maintained. An 
occasional glance at the gage glass to 
correct for slight inaccuracies of meas- 
urement is all that is necessary. This 
three-element measurement enables us 








Ke 

















Single-element control of liquid 


-| paral 


Fig. 1. 
level. 

















Fig. 2. Elements added to measure and 
indicate the rate of flow at inlet and outlet. 


January 1952—Instruments—Page 101 





to make rapid adjustments of the valve 
to control the level closely. 


SUBSTITUTING AUTOMATIC CONTROL 


To complete our analogy, let us sub- 
stitute an automatic single-element 
control system (Fig. 3) for the gage 
glass and hand valve shown in Fig. 
1. The gage glass is replaced by a 
level-sensing element which measures 
a change in level and converts this 
measurement to a controlling force, 
which positions the valve. Refinements 
can be added between the measuring 
element and the control valve to par- 
tially offset the natural limitations of 


Fig. 3. Single-element level-control sys- 


tem. 





Fig. 4. Three-element control system. 


this type control. Such refinements 
can make the system entirely satisfac- 
tory for some requirements. 


To conclude the comparison, let us 
now convert the supply flow mecsure- 
ment into a force which we combine 
differentially with another force de- 
veloped by the measurement of the dis- 
charge flow (Fig. 4). Let us also modi- 
fy the resulting force by one developed 
by a deviation from a preset level. 
Finally, let us use the modified force 
to position the valve, as shown in Fig. 
4. We now have a basic multi-element 
control system consisting of three con- 
trol elements which are coordinated 
to control a process function. In this 
manner, components of a multi-element 
control system can be set up in a va- 
riety of combinations to handle com- 
plex process functions. 


OPERATING EXPERIENCES 


Fuel-oil Temperature Control 

Fig. 5 shows a system in which fuel 
oils, having a viscosity of 39 to 938 SSF 
at 122 deg. F., pass through a tube- 
and-shell-type heat-exchanger bank. 
Steam, supplied to the control valve at 
200 psi. and 450 deg. F., furnishes the 
heat. The steam is desuperheated to 
240 deg. F., and a shell pressure range 
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of 0 to 15 psi. is maintained. The maxi- 
mum flow of oil is 150 gpm. Minimum 
flow is about 60 gpm. when recirculat- 
ing oil to keep the lines hot. Oil is sup- 
plied to the heaters at 125 deg. F. and 
is discharged at 200 deg. F. 

The controller is a two-element type. 
It measures (1) steam pressure in the 
shell of the heater to provide a pri- 
mary control force, and (2) fuel-oil 
temperature leaving the heater to pro- 
vide a secondary, or modifying, control 
force. The final, or modified, force po- 
sitions the steam supply valve. 

The steam desuperheating controller 
is a single-element type which positions 








Fig. 5. Two-element control of fuel-oil temperature in heat 





automatically through a steam flow 
range of 20,000 lbs./hr. to 400,00) 
lbs./hr. The controller is a three-ele. 
ment type, measuring steam flow from 
the boiler against feed-water flow to the 
boiler, and corrected by drum level, 

This controller is being used 
seven boilers generating steam at a 
maximum rate of 400,000 Ibs./hr,, 
pressure of 1000 psi., and a temper. 
ature of 900 deg. F. Operating experi. 
ence has proved it reliable to plus 
minus 1l-inch error over periods of 
months between calibration. 

Large load swings have been ¢. 
perienced, and the average OVer-coy. 
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a water-spray supply valve by measur- 
ing the controlled steam temperature. 

The temperature control on this sys- 
tem works satisfactorily on oil flows 
from 100 gpm. to maximum, but some 
difficulty has been experienced on ex- 
tremely low flows. The difficulty might 
be caused by the necessarily large ca- 
pacity of the heater for wide range 
demand. 


Boiler-drum Water-level Control. 


Fig. 6 shows a system in which the 
water level in the boiler drum is con- 
trolled by feed-water flow-regulating 
valves. An approximate ten-inch dif- 
ferential in water level is maintained 


Fig. 7. Multi-element control system for boiler 
combustion. 


Fig. 6. System for controlling water level in boiler drum. 





rections in level have been not mor 
than one inch. The response is suffi- 
ciently rapid to need no manual adjust. 
ment during full load swings. 


Boiler Combustion Control. 


Boiler combustion is controlled by 
the use of a multi-element control sys- 
tem (Fig. 7) which measures station 
steam header pressure, station steam 
fiow, combustion air flow, fuel flow, 
and furnace pressure. The measure 
ments are transposed into contr 
forces which position forced and it- 
duced draft fan dampers, burner re 
tractors, and fuel valves. The system 
automatically accepts a proportionate 
share of the station load and _ load 
changes, holds preset excess air values, 
and maintains a proper negative fur- 
nace pressure. The automatic controller 
handles all these conditions through 4 
steam-flow load range of 20 to 1 (400, 
000 Ibs./hr. to 20,000 Ibs./hr.). 

An example of the boiler-contrdl 
response is the response to a recent 
sudden load loss of 125,000 kw.—from 
280,000 to 155,000 kw. The steam head- 
er pressure increased from 875 to 910 
psi. Seven boilers handled a reduction 
in total load of approximately 1,000; 
000 lbs./hr. steam flow without smoking 
or lifting a safety valve. 








Instrument Maintenance Short Course 


The recent Instrument Maintenance Short Course spon- 
gored by the Southern California Meter Association and 
the Los Angeles Harbor Junior College was so successful 

t the Association and the College have determined to 
make the course an annual affair. 

The Short Course was held afternoons and evenings on 
the campus of the Los Angeles Harbor Junior College on 
November 15th, 16th, and 17th. Twenty-three speakers 

ented meetings and panel discussions on subjects of 
interest to Instrument and Meter men. A typical meeting 
(Fig. 1) shows Mr. Frank Partridge of the Southern Cali- 
fornia Gas Company discussing Fundamentals of Orifice 
Measurement. Fig. 2 shows a portion of those attending 


dinner at the Los Angeles Harbor Junior College Dining 
Room. The dinner was held in connection with the evening 
meeting where Mr. J. C. Groenewegen of the Shell Chemical 
Company presented the ABC’s of Instrumentation. 

An exhibit of cut-away and operating instruments was 
made in the Los Angeles Harbor Junior College Laboratory. 
Thirty four companies prepared and presented exhibits. 
This exhibition was considered an outstanding success by 
both the exhibitors and those in attendance. Fig. 3 shows 
a portion of the instrument exhibit. 

The registration for the three-day course was over 400, 
which was twice the number expected. The registrants 
represented nearly a hundred companies. 


Fig. 1. (Top left) Frank Partridge of the Southern California Gas Com- 
pany discusses ‘“‘Fundamentals of Orifice Measurement” at a meeting of 
the Instrument Maintenance Short Course. 

Fig. 2. (Bottom left) Dinner in the Junior College Dining Room. 

Fig. 3. (Below) A portion of the instruments exhibited by instrument 
manufacturers. 
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assurance of complete 
satisfaction when you 
specify a ‘Philadelphia’ 
instrument. 


Steady, accurate and de- 
pendable performance is 
guaranteed. 


Feel free to consult with 
our specialized staff on 
any problem in our field. 


+ SEND FOR CATALOG 110A | 
PHILADELPHIA THERMOMETER CO. 
Sixth St. © Philadelphia 40, Pa. 
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How to analyze design, and 
select AUTOMATIC FEEDBACK 
yee CONTROL SYSTEMS 


Hcre is a practical manual giving needed 
facts for efficient analysis, design, selec- 
tion, and use of control apparatus. It 
covers the theory, illustrating it freely 
with graphical charts and curves. It dis- 
cusses automatic controls and their appli- 
cations, and the type of problems encoun- 
tered in various engineering and industrial 
fields. Methods and procedures of analyzing 
and designing control systems are 
supplemented with circuit diagrams 
and examples of different classes of 
instruments which show both their 
functional and constructional re- 
quirements. The book includes -use- 
able data on the analysis of control 
reactions in multiple-loop systems ; 
on pneumatically operated controls ; 
regulation of temperature; design 
and selections of valves; nonlinear 
feedback controls, etc. Terminology 
and designing control systems are 
the ASME and AIEE, and are ap- 
plicable to all fields without limita- 
tion. 





‘Automatic yf 
feedback | / 


Just Published! 


AUTOMATIC 
FEEDBACK 
CONTROL 


By William R. Ahrendt 
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A background of many years of 
experience and ‘‘know-how" go 
into the production of Gordon Plati- 
num, Platinum-Rhodium Thermocou- 
ples. this 
evolved the Gordon policy which 





From experience has 
i calls for the utmost in quality and 
{ service, the utmost in value to clients. 
That is why Gordon platinum wire 
is carefully checked for thermocou- 
ple accuracy against a master ther- 
, mocouple...calibrated and certified 
* _ by the National Bureau of Standards. 
The porcelain insulation and pro- 

tecting tubes which go into a com- 

plete thermocouple assembly are of 





the finest quality obtainable. They 
are the best known means of pre- 
venting contamination of the ele- 
ments which result in false e.m.f. values. 
Also, the Gordon G-142 head which goes 


G 142 HEAD 2 INNER PRIMARY TUBE 





into a complete thermocouple assembly is 
light in weight and permits easy replace- 
ment of new elements into a protecting tube 
assembly. 

The Gordon Policy —highest quality 


and standards of material — plus Gordon 
craftsmanship at the lowest possible price. 


Write now for full information and price list. 






CLAUD S. GORDON CO. 


Manufacturers & Distributors 
Thermocouple Supplies + Industrial Furnaces & Ovens 
Pyrometers & Controls « Metallurgical Testing Machines 
Dept. 21+ 3000 South Wallace St., Chicago 16, Ill. 
Dept. 21+ 2035 Hamilton Ave., Cleveland 14, Ohio 
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INSTRUMENT & CONTROL 
CONSULTANTS 


Engineering Services, Test. 
ing Laboratories and other 
Professional Services 








FLUID CONTROLS CO., INC. 


Control Engineers 


Procurement, Application, Design and Installa- 
tion Supervision of control systems in Refin- 


ing, Chemical, Aircraft, Paper, Power and 
associated industries. 
NEW YORK BALTIMORE 


PHILADELPHIA 
(28) 








ENGINEERING DIVISION 
M. S. JACOBS & ASSOCIATES, inc, 


PR 
SPECIALIZING 
CHEMICAL INDUSTRIES. 


810 NOBLESTOWN ROAD e CARNEGIE, Pa, 
TELEPHONE (Pittsburgh, Pa.) Walnut 1-6149 








Your card as per above in 12 issues of 





INSTRUMENTS for $100, payable in advance. 


Manufacturers 
Literature 


New 


| ‘In this department we report new literature, pertaining to instrumentation, re. 
ceived from the manufacturers. We urge readers to request ONLY those bulletin 
which will be of value to them. Use the Postage-free Order Card on Page 113, 

Requests for literature FROM ABROAD should be made on company letterhead an 
mailed DIRECTLY to the manufacturers. 








Buyers’ Guide 
large line of thermocouple assemblies 
and components. Includes selection data 
for various applications.—Industrial 
Div., Minneapolis-Honeywell Regulator 
Co., Wayne & Roberts Ave., Phila. 44, 
Penna. 


Temperature 


Pyrometer Supplies. 44-page 


U-1 
No. 100-4 covers maker’s 


U-2 Temperature-control System. 4- 


| page Bulletin F-4869 describes new 


“Micropulse” temperature-control sys- 
tem, including response and pulse char- 


| acteristics, and components of system. 





—Barber-Colman Co., 
Rockford, Ill. 





Aircraft Div., 


Pressure 
U-3 Low-pressure Cells. 2-page Bul- 


letin 326 presents “Baldwin SR-4” low- 
pressure cells of 0-10 to 0-100 psi. ca- 
pacity for measuring variations in gas 
or liquid pressures, Includes wiring dia- 
gram and _ specifications—Baldwin- 
Lima-Hamilton Corp., Phila. 42, Penna. 


U-4 Vacuum Gages. 30-page Vol. 2 


No. 1 issue of “The Welch Physics and 
Chemistry Digest” features digests of 
scientific articles. Also description of 
vacuum gages, steel balances, electric 
stirrer 
W. M. Welch Scientific Co., 1515 Sedg- 
wick St., Chicago 10, Il. 


and grating spectrometer.— 


U-5 Air Pump. 2-page issue of the 


“Leiman Leaflet” illustrates and de- 
scribes maker’s air pumps for pressure 
and vacuum, including features and ap- 
plications.—Leiman 
Christie St., Newark 5, N. J. 


Bros., Ine., 146 


U-6 Vapor-pump Fluids. 4-page Bro- 


chure gives properties and applications 
of maker’s line of vapor-pump fluids 
for use in high-vacuum equipment.— 


Distillation Products Industries, Ro. 
chester 3, N. Y. 

U-7 Diffusion Pump. 8-page bro. 
chure illustrates and describes “Typ 
MCF” diffusion pumps. Includes prin. 
ciples, applications, specification table, 
and operating characteristics.—Distil. 
a Products Industries, Rochester 3, 


Flow 


U-8 Flowmeters. 38-page Bulletin 
460 illustrates and describes maker's 
large line of flowmeters, including prin- 
ciples of measurement, piping, recori- 
ers, controllers, indicators, pneumatic 
transmission, integrators, mercuryles 
flowmeters, and seals.—The Foxboro 
Co., Foxboro, Mass. 

U-9 Pumps and Meters. 4-page Vol. 
3 No. 2 issue of “SK Engineering News’ 
features application of maker’s pumps, 
jet eductors, and rotameters.—Schutte 
and Koerting Co., Cornwells Heights, 
Bucks County, Penna. 


Steam, Water Level, etc. 


U-10 Non-frosting Level Gages. 2- 
page brochure illustrates and describes 
maker’s non-frosting level gages, both 
reflex and transparent.—Jerguson Gage 
& Valve Co., 80 Fellsway, Somerville 
45, Mass. 

U-11 Float Valves. 2-page Bulletin 
L-100 illustrates and describes maker’ 
“No. 18 Series” float valves for level 
control. McDonnell & Miller, Inc., 3500 
N. Spaulding Ave., Chicago 18, IIl. 


Radioactivity 


U-12 Radiation Instruments. 12 
page illustrated price list shows scalers, 
nucleometers, rate meters, counters, 
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Giannini makes them 
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Write us about your gyro problems, both A.C. and D.C. 


G. M. GIANNINI & CO., INC. 


Pasadena 1, California 
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shields, absorbers, and other instry 
ments for radioactivity measurements i 
— Radiation Counter Laboratories, In. 
1844 W. 21st St., Chicago 8, Il.) 


U-13 Radiation Instruments, Set ap 





2-page illustrated bulletins covers {effi 


tures, construction, and performance off 


maker’s isotope analysis unit, pockeiff 


chambers, dosimeters, and charger, 
Landsverk Electrometer Co., 140 W 
Providencia Ave., Burbank, Calif. 


U-14 Contamination Monitor. 2-pag, | 























brochure illustrates and describes noygetd prices~ 









“Model D-3 Alpha Survey Meter” fy 
monitoring flat or irregular surface 
Includes features and_ specifications, 
Radioactive Products, Inc., 443 Ww, Con 
gress, Detroit 26, Mich. 

U-15 Beta Gages. 12-page jill 
trated Booklet 8-51-5M covers prip 
ciples, features, application, and spegi, 
fications of maker’s “BG-1” absorptioy 
and backscatter beta gages.—Trage. 
lab, Inc., 130 High St., Boston 10, Mass. 


Combustion 


U-16 Smoke Indicators. 4-page j. 
lustrated Bulletin 5101 covers maker’ 
line of visual smoke and combustio, 
indicators, consisting of light, mirroy 
and lenses. Includes features, operation, 
and installation—Ess Specialty Corp, 
96 S. Washington Ave., Bergenfield 
N. J. 

U-17 Smoke Recorder. 2-page Bij. 
letin 512 illustrates and describes mak. 
er’s photoelectric-type smoke recorder, 
Includes features and specifications— 
Ess Instrument Co., 96 S. Washington 
Ave., Bergenfield, N. J. 


U-18 Combustion Control. 4-pagef}) 


Bulletin 802 illustrates and describe 
“Hazegage” electric-eye smoke-alarm 
and combustion indicator. Includes fes- 
tures and applications.—Ess_ Instn. 
ment Co., Bergenfield, N. J. 


Vibration & Acceleration 


U-19 Vibration Analysis. 16-page 
brochure illustrates and describes mak- 
er’s “Vibration Discriminator” which 
analyzes vibration. Includes principles, 
features, and applications.—Lion Mfg. 
Co., Ine., Columbus, Ohio. 

U-20 Transducers. 8-page Bulletin 
CEC-1503 illustrates and describes mak- 
er’s line of pickups for vibration and 
acceleration. Includes principles, fea- 
tuers, applications, and selection data. 
—Consolidated Engineering Corp., 300 
N. Sierra Madre Villa, Pasadena 8, 
Calif. 

U-21 Accelerometers. 8-page Bulle. 
tin 4.0 covers line of linear accelerom- 
eters, including specifications and se 
lection data.—Statham Laboratories, 
12401 W. Olympic Blvd., Los Angeles 
64, Calif. 

U-22 Rotary Accelerators. 4-page 
Specification Sheet E-1-1 illustrates and 
describes “Models M-6, G-50, and P-100" 
accelerators for rotation testing. In- 
cludes features and table of specifica- 
gs alia ttc Engineering, Camden, 
N. J. 


Speed & Timing 

U-23 Impulse Counter. 1-page illus- 
trated Bulletin GEC-829 describes fea- 
tures and specifications of new step 
motor impulse counter for rates from 


0 to 60 counts per sec.—General Elec- 
tric, Schenectady, N. Y. 
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y-24 Speed Indicator. 4-page illus- 
Bulletin 735 describes “Jaquet” 

pronometric-type speed indicators, in- 

wding features and _ specifications.— 

Herman H. Sticht Co., Inc., 27 Park P1., 

ew York, N. Y. 

U-25 Time-delay Relays. 12-page 
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ts. Set opulletin T-2 illustrates and describes 
vers a ine of accurate “Tarrytron Time De- 
™manes 4 ays,” including specifications.—Cook 
t, Dockel plectric Co., 2700 N. Southport Ave., 
harger, Chicago 14, 

140 wh U-26 Timers. 2-page Bulletin 751 il- 
lif. lystrates and describes maker’s clocks 
Fr, QnapAund interval timers, including features 
‘ibes neygand rices.—The Tork Clock Co., Ine., | 


eter” fot, Vernon, ie 


str taces Valves & Tubing 


‘ations, 

W. Cong y-27 4-way Valves. 4-page Bulletin 
1046 illustrates and describes maker’s 

re illus pilot-operated solenoid-controlled 4-way 

rs pripgvalves. Includes principles, specifica- 

id specifitions, and prices.—Barksdale Valves, 

sorption 1566 E. Slauson Ave., Los Angeles 11, 

Tracer. Calif. 

0, Mass 















J-28 Relief Valves. 4-page catalog 
illustrates and describes maker’s large 
line of air, gas, steam, and liquid safety 
page jj. gand relief valves. Includes service rec- 
maker’; fommendations.—Kunkle Valve Co., 119 
nbustion §S. Clinton St., Fort Wayne, Ind. 





mirrors, § U-29 Valve Lubrication. 4-page ar- | 


eration, M ticle reprint “Proper Valve Lubrication” 
y . discusses importance, function, selec- 
yenfield # tion, and application of various types of 
valve lubricants in general use.—Brown 
ge Byl.pinstruments Div., Minneapolis-Honey- 
es mak. |well Regulator Co., Station 40, Wayne 
ecorde, f& Windrim Ave., Phila. 44, Penna. 

tions U-80 Instrument Lines. 8-page bro- 
hington § chure illustrates and describes features, 
properties, and application of aluminum 
4-page §ustrument lines.—Aluminum Company 
ascribes @ of America, Pittsburgh 19, Penna. 


alarm § U-31 Nonflammable Hydraulic Flu- | 





les fea. id, 12-page booklet describes properties | 


Instr. f and performance of “Pydraul F-9” non- 
fammable, noncorrosive, stable, and 
nonvolatile hydraulic fluid with high 
on lubricity and pumpability——Monsanto 
6-page § Chemical Co., St. Louis 4, Mo. 


| which Optical 
U-32 Periscope Optics. 8-page is- 
sue of “The Perkin-Elmer Instrument 


News” features articles on periscope | 


ulletin § optics, on use of infrared spectroscopy, | 


$mak-f and on electrophoresis.—The Perkin- 
m and § Elmer Corp., Norwalk, Conn. 


» | U-33 Polarization. 4-page Bulletin 

L- F969 contains “Primer of Polarization” 

oe 3 and list of references on polarized light. 

eae gy Corp., Dept. TF, Cambridge 
, Mass. 


Bulle fF y.34 Color-harmony Manual. 8-page 


folder illustrates and describes maker’s 
color manual, which is a collection of 
wgele 948 plastic chips with separate color 
‘ * aap elles rd Standards Dept., 
ntainer Corp. of America, 38 S. Dear- 
“page § born St., Chicago 3, IIl. 9 
“say § . U-85 Ceiling Outlets. 20-page illus- 
IM | tiated Catalog AIA File 30E covers 
maker’s new line of “Venturi-Flo-Lite” 


= outlets which combine air distribution 
! and interior lighting. Also large line 
of air-distribution outlets.—Barber-Col- 
man Co., Rockford, III. 
illus- . 
“4 Chemical Laboratory 


step § U-36 Gel-time Meter. 2-page Bulle- 
from § tin GEC-820 illustrates and describes 
Ele § "ew gel-time meter which identifies 
gelatin points of thermosetting compo- 











AUTO-PNEUMATIC 
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piston-diaphragm 
chemical metering pump 
with automatic 


output control 
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app 


For, automatic metered pumping of corrosive or “‘hard-to- 
handle” chemicals, the Lapp Auto-Pneumatic Pulsafeeder 
offers new accuracy, efficiency and dependability. Applicable 
to all pneumatic or electro-pneumatic instrumentation, the 
Auto-Pneumatic Pulsafeeder provides automatic metering in 
response to variable flow, pH, temperature, liquid level, pres- 
sure, or other processing variables. The Pulsafeeder accom- 
plishes this with a pump that operates at a constant pumping 
speed; variable flow results from variation only in piston stroke 
length, controlled by the pneumatic cylinder. In addition, 
through a manual ratio control, means is provided for accurate 
adjustment of output rate independent of instrument air pres- 
sure changes. And the Lapp Pulsafeeder is the positive displace- 
ment proportioning pump that operates without stuffing box or 
running seal. Its hydraulically-balanced diaphragm acts as a 
floating partition which isolates the chemical being pumped 
from pump parts—to protect against contamination of product 
or equipment. Entire mechanism inherently explosion-proof. 
WRITE for complete description and specifications. Lapp 
Insulator Co., Inc., Process Equipment Division,478 Maple St., 
LeRoy, N. Y. 
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STANDARD SIGNAL GENERATOR 


MODEL 84—300-1000 Megacycles 


OUTPUT VOLTAGE: Continuously variable from 0.1 to 
100,000 microvolts. Output impedance, 50 ohms. 


 boulPey MODULATION: Sine Wave: 0-30%, 400, 1000 or 2500 cycles. 
Pulse: Frequency, 60 to 100,000 cycles. Width, 1 to 50 

Santlartls microseconds. Delay, 0 to 50 microseconds. Sync. output, 
up to 50 volts, either polarity. 





MANUFACTURERS OF POWER SUPPLY: 117 volts, 60 cycles. (Also available for 
Standard Signal Generators 117 volts, 50 cycles; 220 volts, 60 cycles; 220 volts, 50 
Pulse Generators cycles.) 
FM Signal Generators Wee a ” 
Square Wave Generators DIMENSIONS: 12” high x 26” wide x 10” deep, overall. 
Vacuum Tube Voltmeters WEIGHT: Approximately 135 pounds, including external line 
al habe voltage regulator. 
L-C-R Bridges 
‘ohm Met 
terse ater MEASUREMENTS CORPORATION 
intermodulation Meters 
TV & FM Test Equipment BOONTON - NEW JERSEY 






















HARDNESS 
TESTING... 


done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 42 years. 


Se a eg 


In general use 
for specification 
purposes. Sim- 
ple, sturdy. 


Comparatively 

New industrial application of atomic inex i 
energy employs radium and hydrogen ee 
tube. Catalyst level is measured by 
number of atomic impulses passing ” 
through the counter tube. The pri- 
mary element is the GAGETRON. Illustrated 
The GAGETRON is manufactured un- bulletins 
der Graham Patent No. 2,565,963. f 

ree 





"om Code for use of 
FREE radium. Also GAGETRON 
* Bulletin No. 149. The Shore Instrument 


INSTRUMENTS, INC. & Mig. Co., Inc. 


: 90-35 Van Wyck Expressway 
122 N. Madison Tulsa 6, Okla. Jamaice 2, N. Y. 
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sitions. Includes features and spegig 


U-37 Indicator Solutions and 


gents. 4-page Catalog 600-20 lists jgfeti 






indicator solutions and reagents for pe 
measurements, water and chemical an 


alyses with Hellige Simplex Testopife 


Comparators, and Aqua Testers en, 
ploying non-fading glass color stand 
ards.—Hellige, Inc., 3718 Northe 
Blvd., Long Island City, N. Y. 


U-38 Pressure Reaction Apparaty; 


6-page Specification 4500 illustrates and 


describes “Series 4500” reaction ap 
paratus for hydrogenation and chemic; 


reactions at high pressures and temperdl, 


atures.—Parr Instrument Co., 211 59 
St., Moline, Il. 


U-39 Teflon-coated Ground-glas 
Joints. 60-page 14th edition of “What's 
New for the Laboratory” features . 
scriptions of Teflon-coated ground-glass 
joints, pipettes, absorption cells, self. 
pumping stills, pH meter, and others, 
—Scientific Glass Apparatus Co., Ine, 
Bloomfield, N. J. 


U-40 Acid Pail. 4-page Bulletin 54 
describes blow torches, stop watches, 
synthetic-rubber pails for acids, and 
other laboratory devices.—Andrew 
Technical Service, 3805 N. Clark $, 
Chicago, IIl. 


Chemical Process Analysis 


U-41 pH Indicator. 8-page Vol. 11 
No. 3 issue of “Modern Precision” fea. 
tures articles on line-operated pH indi- 
cator which is accurate to 0.02 pH. 
Other articles are on furnace temper. 
ature control, carbon-concentration con- 
trol, stream-pollution control, generator 
load control, and power-level recorder, 
—Leeds & Northrup Co., 4907 Stenton 
Ave., Philadelphia 44, Penna. 

U-42 Mass Spectrometers. 12-page 
Vol. 5 No. 4 issue of “CEC Recordings” 
features articles on mass spectrometer 
design and applications, on multichan- 
nel oscillography, and on thermal con- 
verter for recording power output by 
galvanometer.—Consolidated Engineer- 
ing Corp., 300 N. Sierra Madre Villa, 
Pasadena 8, Calif. 

U-43 Chemical Spectroscopy. 20- 
page No. 51-10-44 issue of ‘“Eberbach 
Announcer” features article on chem- 
ical spectroscopy, on “Burrell Carbo- 
trane,” on “Coleman Autotrator,” and 
others.—Eberbach & Son Co., Ann Ar- 
bor, Mich. 


Inspection and Testing 


U-44 Reflectoscope Camera. 2-page 
illustrated Bulletin 50-120 covers fea- 
tures and application of camera attach- 
ment for maker’s ultrasonic “Reflecto- 
scope.”—Sperry Products, Inc., Dan- 
bury, Conn. 

U-45 Inspection Service. 8-page Bul- 
letin 50-115 illustrates and describes 
commercial inspection and testing serv- 
ice conducted ~ engineers trained i 
use of ultrasonic “Reflectoscope” and 
“Reflectogage.”—Sperry Products, Inc, 
Danbury, Conn. 

U-46 X-ray Equipment. 14-page 
folder illustrates and describes large 
line of industrial X-ray equipment, in- 
cluding betatron and _ accessories— 
Picker X-Ray Corp., 25 S. Broadway, 
White Plains, N. Y. 





















cations.—General Electric, Schenectaa,pe2 
N. a 3 


























Elect 


U-51 7 
Catalog G 
plete line 
struments 
electronic 
rials testi 
chemical 
ages, le 
ind other 
nectady, 
U-52 
Vol. 7 Ne 
scribes e 
by distr’ 
Sweep GC 
alarm” ¢ 
vice, an 
Radio, 8 
1, Ill. 
U-53 
page Su 
and des« 
leases, i 
tube test 
lied Rad 
cago 7, I 
U-54 
nical In 
trates ¢ 
electroni 
densitor 
plication 
Corp., 9 
N. Y. 
U-55 
trated I 
new “B: 
alyzes 
charge ¢ 
Christie 
Calif. 
U-56 
12 No 
grapher 
cathode 
sponse. 
acterist 
tories, | 
Ave., C 
U-57 
4-page 
scribes 
oscillog 
d-c. al 














k Testing. 1-page bulletin 
a “ vee describes maker’s “Model 
shock-testing mechanism for 
between 40 and 100 G.—Haines 
henecta,Pezigned Products Corp., 117 N. Find- 
lly ay St., Dayton 3, Ohio. 


an 48 Production Gage. 4-page Bul- 
Tats 1 Pas ogel1-51-5 illustrates and de- 
ts for niieribes “Par-Ac” electronic gage for 
mmical Paging to less than 0.00001 in. Includes 
Tester a atures, components, and specifications. 
ters “ Graham-Mintel Instrument Co., 735 
= ve., Cleveland 15, Ohio. 
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Remote Positioning 


PParatyl 1-49 Remote Position Control, 4- 
rates ang page Bulletin 20-106 describes princi- 
‘tion apibies, operation, and features of hy- 
chemig, raulic remote-positioning control sys- 
| temperftoms.—Sperry Products, Inc., Danbury, 
211 53rdironn. 

U-50 Flexible Controls. 7-page Cat- 












deh 





ures deff compression and tension types. In- | 





s#log 1551 illustrates and describes mak- | 
t'fer’s line of flexible push-pull controls | 


| 


nd-glags%jydes specifications and installation | 
Is, self. Br docthwest Products Co., 10 S. | 


others MiCatalina Ave., Pasadena 1, Calif. 
0., ne,, ¥ e 
Electrical and Electronic 


etin 540 
vatehe, Instruments 


ds, and# U-51 Test Instruments. 84-page 1952 


Andrew §Catalog GEC-1016 covers maker’s com- 
ark St, plete line of testing and measuring in- 
struments, including d-c. amplifiers, 
: electronic test equipment, timers, mate- 
ysis rials testing and inspection equipment, 
Vol. 1 chemical analysis equipment, thickness 
gages, leak detectors, power supplies, 
H ind. and others.—General Electric Co., Sche- 
2 ol. nectady, N. Y 
“| U-52 Electronic Instruments. 4-page 
on con. @YOl. 7 No. 2 issue of “Allied News” de- 
erator @scribes electronic instruments handled 
corder, #by distributor, including new “RCA 


vice, and “Brush” headphones.—Allied 


2 Pag | Radio, 833 W. Jackson Blvd., Chicago 
ger 7, Il. 


tenton | Sweep Generator WR-40A,” “Intrud- | 
alarm” capacity-operated warning de- | 





ichan- | U-538 Electronic Instruments. 16- | 
1 con- § page Supplement No. 128 illustrates | 


ut by, and describes new TV and radio re- 
ineer. | leases, including kits for oscilloscope, 
Villa, | tube tester, and signal generator.—Al- 
lied Radio, 833 W. Jackson Blvd., Chi- 
9p. | cago a, al. 

rbach f U-54 Densitometers. 20-page Tech- 
shem- § nical Information Bulletin 250  illus- 
‘arbo- f trates and describes new line of 
’ and} electronic transmission and _ reflection 
1 Ar- } densitometers. Includes principles, ap- 
plications, and operations.—Photovolt 
Oy 95 Madison Ave., New York 16, 


ouiis U-55 Battery Tester. 2-page illus- 
Past | trated Bulletin A-52 describes maker’s 
" | new “Battery-scope” which quickly an- 
wore alyzes both condition and state of 
Dan. charge of storage batteries.—McColpin- 
Christie Corp., Ltd., Los Angeles 43, 
Calif. 
tl U-56 Oscillography. 16-page Vol. 
ibe 112 No. 4 issue of “The Oscillo- 
grapher” contains articles on phosphors, 
aul cathode-ray tubes, and transient re- 
sponse. Includes table of phosphor char- 
acteristics—Allen B. Du Mont Labora- 
tories, Inc., Instrument Div., 1000 Main 
oe Ave., Clifton, N. J 
= U-57 Oscillographs and Amplifiers. 
,— | ‘Page Bulletin 7-51 illustrates and de- 
scribes single-channel and multi-channel 
oscillographs; also dual-channel a-c. and 
d-c. amplifier. Includes features and 
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Acco 


rT, The gage th retains ts 
original accuracy longer, — 
wears longer, costs less 
per gage, per year 


The greatest achievement of the gage 
makers’ craft— pressure gages without 
gears. The Helicoid movement... tested 
and proved in years of hard service... 
is a simple cam and roller arrangement 
that gives long, trouble-free service. 














= 


FOUR HELICOID FEATURES 


1. Stainless Steel Helicoid Roller (no gear teeth) 
2. Stainless steel hair spring 
3. Long Life Cam (no gear teeth) 
4. Monel link and screws 











e HELIcoip GAGES, which do not have 
gear teeth to wear out, are made in a full 
range of pressures...in various sizes and 
shapes, with black, white and radiant 
faces. For wall or stem mounting, flush or 
panel mounting, or flangeless. No finer 
gages are made. Helicoid Gages cost 
less in the long run. 


Write today 
for the Helicoid 
Gage catalog. 








HELICOID 


Pressure 
R 


HELICOID GAGE DIVISION Vacuum 
AMERICAN CHAIN & CABLE GAGES 












925 Connecticut Avenue * Bridgeport 2,.Connecticut 


January 1952—I/nstruments—Page 109 





4 watts » 100 to 


Developed for use as potential 
dividers in high voltage electro- 
static generators, S.S.White 80X 
Resistors have many characteris- 
tics—particularly negative tem- 
perature and voltage coefficients 
—which make them suitable for 
other high voltage applications. 

They are constructed of a mix- 
ture of conducting material and 








binder made by a process which 
assures adequate mechanical 
strength and durability. This 
material is non-hygroscopic and, 
therefore, moisture - resistant. 
The resistors are also coated 
with General Electric Dri-film 
which further protects them 
against humidity and also sta- 
bilizes the resistors. 





WRITE FOR BULLETIN 4906 


SS, ~_— 
It gives complete information on iiisiye 
S.8.White resistors. A free copy 
and price list will be sent on erlang, 
request. 

‘S. 
sg 





10 East 40th St. 


DENTAL MFG.CO. Dept. I. 
Qi YORK 16, N. Y. 


WESTERN DISTRICT OFFICE: Times Building, Long Beach, Calif. 








Don't tear down 
your instruments! 


The ENG-SOL Method 
of Precision Parts clean- 
ing now makes it possi- 
ble to whisk away finger- 
prints, oil, grease, dirt, 
lapping compounds, ab- 
rasiyes, lint, or other 
contamination. 


Our bulletin ''Precision 
Cleaning" describes this 
new high-velocity com- 
pressed air method of 
cleaning. 


Send for it—today. 


PASSAIC ANALYTICAL 
LABORATORIES, Inc. 


228 Aycrigg Ave. Passaic, N. J. 
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Second Edition (1951) 
Now Available 


Mechanical 
Measurements by 
Electrical Methods 


By HOWARD C. ROBERTS 


Special Research Associate Professor of 
Civil Engineering, University of Illinois 
(for many years in Research Lab., A.R.A.) 


Typical of the comments received while 
this book ran as a serial in Instruments: 


“... I appreciate the thorough- 
ness with which the subject is 
being treated.” “We are sure that 
your articles will be widely read, 
for it is a subject certainly in 
need of the correlation you are 
giving it.” 
Cloth, 5x8% inches, x+357 pages 
Profusely Illustrated 


$4.00 postpaid 


Payment must accompany order 


The Instruments Publishing Co. 


921 Ridge Ave., Pittsburgh 12, Pa. 

















| 








NEW LITERATURE 











specifications.—Rahm Instruments Ine, 
12 W. Broadway, New York 7, N.Y ” 


U-58 Electronic Stethoscope, 4- 
brochure “How To Cut Costs on Equip. 
ment Maintenance” covers usage of new 
“Elec-Detec” electronic stethoscope jp 
locating and analyzing mechanical 
troubles.—Anco Instrument Div., Amey. 
ican Name Plate & Mfg. Co., 4254 w 
Arthington St., Chicago 24, III, i 

U-59 Voltage Regulators. 4-page 
brochure illustrates and describes line 
of rocking-contact generator volta 
regulators, including construction, fea. 
tures, operation, and installation. —A). 
lis-Chalmers, Milwaukee 1, Wis. 

U-60 Engine Control. 44-page loose. 
leaf Catalog 4 covers maker’s large ling 
of series control sets, automatic crank. 
ing controls, safety stops, overspeed 
governors, and auxiliary units. Includes 
engine-generator control panels.—Syp. 
chro-Start Products, Inc., 8151 ‘VN. 
Ridgeway Ave., Skokie, III. 

U-61_ Bridging Amplifier. 4-page byl. 
letin describes “Model 102 Phantom 
Repeater” bridging amplifier which 
matches high-impedance sources to test 
instruments. Includes applications and 
features.—Keithley Instruments, 386g 
Carnegie Ave., Cleveland 15, Ohio, 

U-62 UHF Sweep Generator. 4-page 
Bulletin WR-40A-10-51 illustrates and 
describes new “WR-40A” sweep oscil- 
lator with marker and crystal calibra. 
tor. Includes block diagram and pre. 
liminary specifications.—Radio Corp. of 
America, Test & Measuring Equipment, 
Harrison, N, J. 

U-63 Fault Locator. 4-page bulletin 
describes ‘Model M-1-A” portable fault 
locator for detecting and locating high- 
resistance crosses and faults.—R. F, 
Miller & Sons, Harvard, Neb. 

U-64 Insulation Tester. 4-page Pub- 
lication ES/106 illustrates and describes 

* new British-made high-voltage d-c. in- 
sulation tester, including features and 
specifications.—Herman H. Sticht Co., 
Inc., 27 Park Pl., New York 7, N., Y. 

U-65 Load Relays. 2-page _illus- 
trated Form 860 describes power-relay 
control for 2-hp. siren, which uses mer- 
cury-plunger load relays. Includes wir- 
ing diagram.—H-B Instrument Co., 2633 
Trenton Ave., Philadelphia 25, Penna. 

U-66 D-c. Amplifier. 4-page_bro- 
chure illustrates and describes “Model 
14” breaker-type d-c. amplifier with low 
noise level and high stability. Includes 
features and performance.—Liston- 
Becker Instrument Co., Inc., 20 Beckley 
Ave., Stamford, Conn. 

U-67 Amplifiers and Frequency Dis- 
criminator. 1-page bulletins describe (1) 
high-gain 10-cps. amplifier for use with 

chopper and low-level inputs, (2) high- 
er-frequency a-c. amplif 
desired bandwidth below 100 kc., and 
(3) subcarrier frequency discriminator 
for use at center frequency from 400 
eps. to 70 ke.—Electro-Mechanical Re- 
search, Inc., Ridgefield, Conn. 

U-68 Lie Detector. 12-page Bulletin 
131 illustrates and describes maker's 
“Polygraph,” or lie detector, with dry 
hand electrodes. Includes technique, 
equipment, and specifications.—Assocl- 
ated Research, Inc., 3758 W. Belmont 
Ave., Chicago 18, IIl. 

U-69 Variacs. 8-page bulletin (Form 
424-L) illustrates and describes maker's 
large line of “Variac” variable auto- 
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ers. Includes features, speci- 
feations, and selection table.—General 
Radio Co., Cambridge 39, Mass. 

U-70 Power Supplies. 2-page bulle- 
tin illustrates and describes “600 Series” 
of multiple-output regulated d-c. power 
supplies.—Bristol Engineering Corp., 
Lincoln Ave. & Pond St., Bristol, Penna. 
U-71 Power-supply Panels. 4-page 
brochure illustrates and describes mak- 
er’s science and laboratory control pan- 
els which supply various voltages.— 
Electrosig Corp., 71 Campus Dr., Buf- 
falo 21, N. Y. 

U-72 TV Interference. 86-page book- 
let is collection of articles by Mr. P. S. 
Rand, giving results of extensive re- 
search on TV interference caused by 
r-f. induction heating, transmitting sta- 
tions, diathermy, etc.—Remington Rand 
Laboratory, Wilson Ave., S. Norwalk, 


Conn. 
Electrical and Electronic 
Components 


U-78 Electronic Components. 12- 
age Vol. 18 No, 12 issue of “Sylvania 
News” features article on a low-noise 
r-f. amplifier for TV.—Sylvania Electric 
Products, Inc., P.O. Box 431, Emporium, 
Penna. 

U-74 Electronic Components. Handy 
pocket book contains 56-page 1952 diary, 
16 pages of maps, and tube and bat- 
tery data. Includes tube selection guide 
and components directory.——RCA Tube 
Dept., Harrison, N. J. 

U-75 Resistors. 16-page Bulletin 99 
illustrates and describes maker’s large 
line of vitreous-enameled resistors. In- 
cludes features and_ specifications.— 
Lectrohm, Inc., 5560 Northwest High- 
way, Chicago 30, IIl. 

U-76 Tantalytic Capacitors. 12-page 
article reprint “Tantalytic Capacitors” 
covers principles, features, construc- 
tion, pie advantages of tantalytic small 
electrolytic capacitors. Includes chem- 
ical and electrical factors.—General 
Electric Co., Schenectady, N. Y. 


transform 


U-77 Precision Pot-rheostats. Bulle- | 


tins 115 and 109 illustrate and describe 


maker’s ““Model-F” and “Model-T Tiny- | 


tork” single-turn precision potentiom- 
eter-rheostats. Includes features and 
specifications.—The Helipot Corp., S. 
Pasadena, Calif. 

U-78 Differential Transformers. 
Eight 1-page specification sheets (A- 
1-1 to A-1-8) describe maker’s line of 
linear variable differential transform- 
ers. Includes features and construction. 
—Schaevitz Engineering, Camden, N. J. 


U-79 Electronic Tubes. 8-page Bul- 


letin EC-20H illustrates and describes | 
maker’s large line of diodes, strobo- | 
trons, thyratrons, gas-pressure-measur- 


ing tubes, and selenium rectifiers. In- 
cludes characteristics.—Sylvania Elec- 
tric, Emporium, Penna. 

U-80 Multi-Contact Connectors. 46- 
page General Catalog B2 illustrates 
and describes maker’s large line of 
multi-contact electric connectors and 
sockets. Includes features and specs.— 
American Phenolic Corp., 1830 S. 54th 
Ave., Chicago 50, III. 

U-81 Connectors. 4-page Vol. 4 No. 
9 issue of “Amphenol Engineering 
News” features articles on use of mul- 
ti-contact electric connectors in elec- 
tronic instruments, solenoid drain 
valves, ete——American Phenolic Corp., 
1830 S. 54th Ave., Chicago 50, Ill. 


U-82 Pilot Lights. 16-page Form L- 


wwe" you need eo 


Range: | cp 2 00 « 


a 


Calibration: within 11> plus 1( 

Output circuits: 20 volts or 20 mill 
Teale Tae Man ER Zo) ko | C1010 Mo) ofa as 
delat tie lahmiaalotsielelalas 

Amplitude stability: Plus or minus '2 db 

UNDESIRED VOLTAGES 

Power Supply Noise: lessthan] 100 
yf TelU mE Tie fare] 

Power Line Surge: Less than 1/10 
oli tpuf signa 

Harmonic Distortion: Less than 2 10 
1 20 cps to 15,000 cps. Less than 
axel eed dalclamaastollstalal-t3 

Microphonic Noise: Less than 1/100 


put signal 


SOUTHWESTERN INDUSTRIAL 
ELECTRONICS CO. 


ont POST OAK ROAD 
HOUSTON 19 TEXAS 


434 SEVENTH AVE. EAST CALGARY, ALBERTA 
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More 
corrosion 
resistant! 


Xb > heute oe Saas 


thermometers permit wide range of service. 









A new stainless steel welding process bonds case, stem and plug into one 
solid stainless steel unit. This means extra dependability under a wide range 
of service. 
.. Rochester’s famous bimetallic element will not “tire” or lose its accuracy. 
And a superior dampening forever eliminates pointer “lock-up.” 

Backed by 35 years of manufacturing experience, the new Rochester Dial 
Thermometer is your best bet for heavy-duty service. 
ORDER TODAY from your Rochester Representative or write Rochester 
Manufacturing Co., Inc., 85 Rockwood Street, Rochester 10, New York. 










Manufacturing Company, Inc. 


85 Rockwood St., Rochester 10, N. Y. ce 


DIAL THERMOMETERS GAUGES AMMETERS 









High Precision Optica Compo- 
NENTS Any Size For 
Astronomical and Physical 
Research 
a 
Parabolic, Spherical, Ellipsoidal 
and Plane Mirrors 
oJ 
Plane Parallel PLaTEs 
e 
SCHLIEREN SYSTEMS 
e 


Interferometer PLATES 


Operation Speed 


LENSEs and Prisms of Glass 





Recorder 7.3" ‘ 

12 or 24 hr. Natural or Synthetic CrysTaLs 
Built - severe service. Users C : 
report 10, 12 or more years of omplete Optical and Mechanical 
trouble-free life. Powerful cen- . Seisicaaiatcs 


trifugal speed-measuring ele- 
ment stays calibrated. Non-spill e 


reservoir pen. Special chart pa- : : 
per. Rugged clock movement. Made to Spec ifications 


Ideal for analysis of new War bd 
Effort jobs. High Vacuum Coating 
Immediate and intelligent at- ee 


tention will be given to your 
inquiries on all industrial 
speed measurement problems. 
Drop us a line today. 


John Unertl Optical Co. 


3551-3555 East Street 


Amthor Testing Instruments Co., Inc. 
Pittsburgh 14, Penna. 


49a Van Sinderen Ave. Brooklyn, N. Y. 
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| 151 illustrates and describes line of 
pilot-light assemblies, connectors, anq 
| lamp sockets.—The Dial Light Co, of 
| America, 900 Broadway, New York 3 
No. : 
| _U-83 Switches. 2-page Oct. issue of 
| “The Ohmite News” features descrip. 
tion of maker’s rotary tap switches 
rheostats, chokes, and resistors,—Qh. 
mite Mfg. Co., 4835 Flournoy St., Chi. 
cago 44, Ill. 

U-84 Rotary Solenoids. 4-page Byl. 
letin 351-RS illustrates and describes 
maker’s line of rotary solenoids which 
use a solenoid to produce a rotary mo. 
| tion. Includes specifications and appli. 
cations.—G. H. Leland, Inc., Dayton 2, 
Ohio. 

U-85 Relays. 12-page Catalog R-10 
describes complete line of “Amrecon” 
relays, including specifications, 0 
ating data, and selection data. Relays 
include hermetically sealed and over. 
load.—American Relay & Controls, Inc, 
4939 Flournoy St., Chicago, III. 

U-86 Push-pull Amplifier Circuit, 8. 
page Vol. 26 No. 5 issue of “The Gen- 
eral Radio Experimenter” features ar. 
ticle on new push-pull amplifier cir. 
cuit with balanced driver circuit.—Gen- 
eral Radio Co., Cambridge, Mass. 

U-87 Self-holding Test Leads. 6- 











| page folder illustrates and describes 


maker’s line of “Klipzon” and “Mini- 
prod” connectors and shielded leads— 
United Technical Laboratories, Morris- 
town, N, J. 

U-88 Motors. 16-page illustrated 
Bulletin B-4378, ‘Facts About Pre. 
lubricated Bearings,” covers construc- 
tion and advantages of pre-lubricated 
bearings in maker’s line of motors— 
Westinghouse Electric Corp., Buffalo 5, 
Nevks 


Mechanical Components 


U-89 Metal Products. 24-page bro- 
chure illustrates and describes maker's 
facilities for research and_ production 
of metal products, yar | chassis 
holders, racks, ete.—Grant Pulley & 
Hardware Co., 31-85 Whitestone Pkwy., 
Flushing, L.I., N. Y. 

U-90 Clock Cranks. 4-page brochure 
describes new instrument crank-type 
winder which replaces clock keys— 
J. A. Campbell Co., 645 E. Wardlow 
Rd., Long Beach 7, Calif. 

U-91 Tools and Supplies. 230-page 
illustrated Catalog 20 covers large line 
of tools and supplies, including bunsen 
burners, burs, files, micrometers, vises, 
cabinets, benches, oilers, rolling mills, 
drill presses, jewelers’ lathes, ete— 
William Dixon, Inc., 32 E. Kinney St, 
Newark, N. J. 

U-92 Beryllium Copper. 2-page 
Technical Bulletins Nos. 9, 10, and 11 
show applications of beryllium copper 
metal in retaining rings, stock-feeding 
mechanisms, etc.; also properties of 
sand castings and government speeifi- 
cations.—The Beryllium Corp., Read- 
ing, Penna. 

U-93 Speed Drives. 2-page techni- 
cal data sheet M1 illustrates and de- 
scribes miniature combination fixed- 
and variable-speed drives for low-power 
applications.—Metron Instrument Co, 
432 Lincoln St., Denver 9, Colo. 
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Calendar of Important 
Instrumentation Events 


1952 








Jan. 28-Feb. 1 f ’ 

Institute of the Aeronautical Scicnces. 

oth Annual Meeting. 

Astor Hotel, New York City. 

For information write R. R. Dexter, Sec., 2 
Fast 64th St., New York 21. 


Jan. 29-31 ; ‘ 

American Meteorological Society. 

114th National Meeting. 

Roosevelt Hotel, New York City. 

for information write Kenneth C. Spengler, Ex. 
gee., 8 Joy St., Boston 8, Mass. 


Feb. 7-8 
Instrument Society of America, New York Sec- 


n. 
pod Annual Regional Conference, ‘Power 
Plant Instrumentation.” 
for information write Franklin B. Leslie, Sec., 
856 Commonwealth Blvd., Bellerose 6, N. Y. 


Mar. 3-6 

Institute of Radio Engineers. 

National Convention and Exhibit. 
Waldorf-Astoria Hotel and Grand Central Pal- 
ace, New York City. 


Mar. 5-7 

Analytical Chemistry Group, Pittsburgh Section, 
American Chemical Society and Pittsburgh 
Spectroscopy Society Conference on Analytical 
Chemistry and Applied Spectroscopy. For infor- 
mation write to J. R. Churchill, P.O. Box 1772, 
New Kensington, Penna. 


April 1 

New Jersey Section, ISA, Symposium ‘Use and 
Application of Control Valves.” For information 
write L. H. Ballinger, 2371 Channing Ave., 
Westfield, N. J. 


April 3-4 

Instrument Society of America, Pittsburgh Sec- 
tion. 

Second Annual Regional Conference, ‘“Instru- 
mentation for the Iron and Steel Industry.” 
Roosevelt Hotel, Pittsburgh. 

For information write W. C. Langerman, Fisher 
Scientific Co., 711 Forbes St., Pittsburgh 19, Pa. 


April 27-May 6 

Heavy Industries Fair, Hanover, Germany. This 
fair includes exhibits of instruments for meas- 
urement, inspection, testing and control. For 
information write Deutsche Messc- und Ausstell- 
ungs-A.G., Hannover, Messegelaende, Germany. 


May 1952 

American Association of Spectrographers. Sym- 
posium on “Instrumental Methods of Analysis in 
the Non-Ferrous Industry.” Contributed papers 
in this field are invited, write to Robert Raisig, 
c/o Apex Smelting Co., 2537 W. Taylor St., 
Chicago 12, Ill. 


} 








A supply of these cards 

for the asking 
Is your copy of Instruments routed 
to several people? 
Does your Company Librarian for- 
bid mutilating tech mags? 
Or do you yourself wish to pre- 
serve your own copies intact? 


Just drop us a postal card asking 
for Inquiry Cards and we'll 
send you twelve! Do it NOW. 


({ 


May 4-8 


Electrochemical Society, Fiftieth Anniversary 
Meeting, Benjamin Franklin Hotel, Philadelphia. 
Sessions on Instrumentation have been scheduled. 
fer information write Dr. Henry Linford, Sec., 
285 West 102 St., New York 25. 


May 5-16 


British Industries Fair. Earls Court & Olympia, 
London includes laboratory and scientific instru- 
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TEST CHAMBERS 


HIGH & LOW 
TEMPERATURES 
CONTROLLED 
HUMIDITY 


@ +200°F. to —150°F, 

® 20% to 95% R.H. 

@ 1 cu. ft. to 75 cu. ft. 
cabinets 


Walk-in Rooms 
Temperature Baths 








Electronic or pneumatic 
recording or indicating 
control systems 





CUSTOM CHAMBERS 
built to specifications. 





Years of satisfactory service! 


52 Washington Avenue 
Carlstadt, New Jersey 


CABINET . COMPANY 














SALES ENGINEER 


For long established manufac- 
turer of flow meters and full line 
of air operated controls for tem- 
perature, pressure, level and 
flow, required for specialized 
field work leading to position of 
Sales Manager. Reply in confi- 
dence. Our organization knows 
of this Ad. Salary Open. A really 
unusual opportunity. Box 206, 
Instruments Publishing Co., 921 
Ridge Ave., Pittsburgh 12, Pa. 


ENGINEERS 
MECHANICAL AND ELECTRICAL 


Field Service, Design, and Estimat- 
ing in the field of pneumatically 
and electrically operated controls. 


Write to or see: 


Mr. R. C. Cibella 
Hagan Corporation 
323 Fourth Avenue 
Pittsburgh 22, Pa. 























Here is your LITERATURE and INFORMATION order card 





Instruments, 921 Ridge Ave., Pittsburgh, Pa. (January 1952) 


Please have the following catalogs, etc., reviewed in this issue sent to me. 
} | TE ER aan ee An SN EES AID eT OE 


I desire further information on devices described in the ‘‘New Instruments” Dep’t: 





I also desire further information concerning the following products advertised in 
this issue (Write page number and name of company) 





IN eee is 





(OR) Home Address 











Carolina. 





INSTRUMENTATION 
ENGINEERS 


for Design & Consulting Work 
in Wilmington, Delaware 


TECHNICIANS 


. . . for Installation, Repair and Calibration work 
on the Savannah River Project, located in South 


For Information 
Please Write 


E. I. du Pont de Nemours & Co., Inc. 


Personnel Section, Engineering Dept. 
WILMINGTON, DELAWARE 











INSTRUMENT DEVELOPMENT 
ENGINEER POSITION OPEN. 
QUALIFICATIONS AS FOL- 
LOWS: 

1. Thorough knowledge of pres- 
sure actuated mechanical in- 
struments and allied devices. 

2. At least two years design ex- 
perience on pneumatic control- 
lers. 

3. Education of, or equivalent to, 
graduate mechanical engineer. 


MANNING, MAXWELL & MOORE, INC. 
250 East Main Street 
Stratford, Connecticut 











“Heat Inertia” in Problems 
of Automatic Control 
of Temperature 
By VICTOR BROIDA 


Consulting Engineer and 
Process Control Specialist 


PARIS, FRANCE 


stiff paper, 5%x8™% in., 64 pages 


$1.00 POSTPAID 


Payment must accompany order. 


Instruments Publishing Company 
921 Ridge Ave., Pittsburgh 12, Pa. 














FIRST CLASS 
PERMIT Ne. (44) 


(Sec. 34.9 P.L. & R.) 
ITTSBURGH,: PA. 











BUSINESS REPLY CARD 


NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES 








4c-POSTAGE WILL BE PAID BY— 


INSTRUMENTS PUBLISHING CO. 
921 Ridge Avenue 
Pittsburgh 12, Pa. 


ments; Castle Bromwich, Birmingham, includes 
industrial instruments. For information Write 
Board of Trade, Imperial Chemical House, Lon. 
don, S.W.1, England. 


May 6-9 


Scientific Apparatus Makers Association, 
Annual Meeting of all Sections. 
Edgewater Beach Hotel, Chicago. 


May 7-9 


Institute of Radio Engineers. 

National Conference on Airborne Electronics, 
Biltmore Hotel, Dayton, Ohio. 

For information write E. K. Gannett, 1 Fay 
79th St., New York 21. 


May 16-17 


Southwestern Institute of Radio Engineers, 
Conference and Radio Engineering Exhibit, 
Rice Hotel, Houston, Texas. 


May 18-25 


Achema X-—Chemical Meeting and _ Exhibit 
Frankfurt, Germany. 

At the same time and place the 25th Inter. 
national Congress for Industrial Chemistry wij 
be held. Instruments will be exhibited. 

For information write Dr. H. Bretschneider, 
Deutsche Gesellschaft fuer Chemisches Appar. 
atewisen, Frankfurt am Main 13, P.O. Bo 
1337, Germany. 


May 22-24 


American Society for Quality Control, Onondaga 
Memorial, Syracuse, N. Y. For information write 
W. R. Weaver, Gen. Chm., 1527 Republic Bldg, 
Cleveland 1, Ohio. 


June 11-13 


American Congress on Surveying and Mapping 
Twelfth Annual Meeting and Exhibit. 
Shoreham Hotel, Washington, D. C. 

For information write Walter S. Dix, Ex. Sec. 
P. O. Box 470, Benjamin Franklin Station, 
Washington 4, D. C. 


June 23-27 


ASTM 50th Anniversary Meeting and 10th Ex. 
hibit of Testing Apparatus and Laboratory Sup. 
plies, Hotel Statler, New York, N. Y. For in- 
formation write Robert J. Painter, Asst. See., 
American Society for Testing Materials, 1916 
Race St., Philadelphia 3, Pa. 


Sept. 8-12 


Instrument Society of America. 

Seventh National Instrument Conference and 
Exhibit. 

Public Auditorium, Cleveland, Ohio. 


Sept. 29-Oct. 1 

Eighth National Electronics Conference anid 
Exhibition. 

Sherman Hotel, Chicago. 

For information write Karl Kramer, Ex. Sec. 
852 E. 88rd St., Chicago 19. 


October 

Scientific Apparatus Makers Association. 
Midyear Meeting of Recorder-Controller Section. 
Seaview Country Club, Absecon, N. J. 


Nov. 5-9 

Scientific Apparatus Makers Association. 
Midyear Meeting of Industrial Instrument, Lab- 
oratory Apparatus, Laboratory Equipment, Op 
tical, Aeronautical, and Military Instruments 


Sections. 
The Homestead, Hot Springs, Virginia. 





Second Edition Available 


Mechanical Measurements 
by Electrical Methods 


By HOWARD C. ROBERTS 


$4.00 postpaid 


Payment must accompany order 


The Instruments Publishing Co., Inc, 
921 Ridge Ave. Pittsburgh, Penna. 














Page 114—Instruments—Vol. 25 








—_—_— 

















eers, 
xhibit, 


Exhibit, 


th Inter. 
istry will 


ichneider, 
3 Appar. 
0. Box 


/nondaga 
ion write 
ie Bldg,, 


Mapping 


ax. See, 
Station, 


Oth Ex. 
ry Sup- 
For in- 
it. See, 
8, 1916 


ce and 


e and 


. See., 


ection. 





PALMER 


mercury actuated Dial Thermometers 


now in three types to suit any requirements 


Rigid Stem 
Dial Thermometer 


Rigid stem tapered bulb, inter- 
changeable with standard industrial 
thermometer separable socket. 





Wall Mounted 
Dial Thermometer 


Wall mounted dial thermometer 
with flexible connecting armor. 
Case adjustable to easy 
reading position. 














Flush Mounted 
Dial Thermometer 


Flush mounted style for panel 
mounting with flexible 
connecting armor. 


dl 
4 | ; 
q 


for accuracy: Mercury actuated .. . Fully Compensated by Invar 
Compensation. Guaranteed Accurate 1 scale division. 


All three types have 
a full 41/2” dial Face 





for angularity: Can be adjusted to most readable position at 
any angle desired. 


for readability: Bold Black Numbers... 11’ of scale Reading 
Dial face can always be placed in easiest readable position. 


for interchangeability: Always specify “PALMER” Separable 
sockets as they are interchangeable for Dial or Industrial type 


Thermometers. 



























Stem can be placed at any 
angle and case can be rotated 


to any readable position. 





j =. 
Se 
>_> 








PALMER 


THERMOMETERS, INC. 


Mfrs. of Industrial Laboratory, 
Recording and Dial Thermometers 


2511 NORWOOD AVE, CINCINNATI 12, 0. 
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SEND FOR THIS BULLETIN 
For details on the New Palmer 
Dial Thermometer, please write 
for Palmer Bulletin 51-129. 







MARSHALLTOWN 


LOW PRESSURE 
DIAPHRAGM 


GAUGE 








Available 
dials (reading in inches 
of water) 0-15''—0-30" 
—0-60''—0-100''—0-160"" 

also in ounce 


in standard 


> 


Marshalltown Figure 83 is an ex- 
tremely sensitive gauge that uses 
a carefully seasoned bronze dia- 
phragm to accurately measure 
very low pressures. It is used ex- 
tensively on many types of natural 
gas installations for checking the 
low pressures. 2/2", 


graduated dials from 
15 ounces to 5 pounds. 
342"" and 4!/," 


Write for details and price. dial sizes mounted in 


LOOK TO Mga a FOR 
ONE OF OST COMPLET! 


E 
LINES OF INDICATING PRESSURE 
GAUGES MADE! 


MARSHALLTOWN MANUFACTURING CO. 


MARSHALLTOWN, IOWA 


black enameled deep 


steel case. 


























Wanted 
ENGINEERS and SCIENTISTS 


Unusual opportunities for outstanding and 
experienced men. 

These top positions involve preliminary and production 
design in advanced military aircraft and special weapons, in- 
cluding guided missiles. 

Immediate positions include: 
Electronic project engineers 
Electronic instrumentation engineers 
Radar engineers 
Flight test engineers 
Stress engineers 
Aero- and thermodynamicists 
Servo-mechanists 
Power plant installation designers 
Structural designers 
Electro-mechanical designers 
Electrical installation designers 


Excellent location in Southern California. Gener- 
ous allowance for travel expenses. 

Write today for complete information on these 
essential, long-term positions. Please include resume 
of your experience & training. Address inquiry to 
Director of Engineering, 


NORTHROP AIRCRAFT, Inc. 
1017 E. Broadway 
Hawthorne (Los Angeles County) Cal. 
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